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Management of primary pulmonary hypertensioh 


CELIA M OAKLEY 


From the Royal Postgraduate Medical School, Hammersmith Hospital, London 


When Paul Wood first described primary pulmonary 
hypertension! ? he believed it to have a vasoconstric- 
tive origin and showed that the pulmonary vascular 
resistance could be selectively lowered in some but 
not all of these patients by infusion of acetyl choline 
into the pulmonary artery? in contrast to patients with 
the Eisenmenger syndrome, who were invariably 
unresponsive.^ The pathogenesis has since been 
argued, microthromboembolism and thrombosis in 
situ having some proponents, but the concept of an 
increased smooth muscle tone perhaps generated by 
endothelial damage and platelet activity has gained 
ground. Efforts to find an effective orally active 
specific pulmonary arteriolar dilator have continued 
over the years but with little success, though there has 
been considerable recent resurgence of interest. 

Observations made in beef cattle grazing at high 
altitude and in humans living and exercising at 
altitude have shown an individual and species variabil- 
„ity suggesting a genetically determined hyperreactiv- 
ity.5 This pulmonary hypertension is reversible on 
return to sea level, and the incidence of primary pul- 
monary hypertension is seemingly higher in popula- 
tions living at high altitudes.* Childhood’ and familial 
cases are well known, and an association with 
Raynaud's phenomenon was early noted.” 

In the European epidemic of primary pulmonary 
hypertension, which was linked with the slimming 
drug aminorex fumarate, only an estimated 0-2% of 
individuals taking the drug developed the disease and 
the condition was usually reversible.'!° Primary pul- 
monary hypertension has also been linked with 


- fenfluramine,'! an anorectic which is still available. A 


concept of idiosyncratic pulmonary hypertension of 
possible dietary origin grew from this experience and 
from observations of a malignant type of pulmonary 
hypertension in rats who had eaten seeds of Crotalana 
spectabilis which contains the alkaloid mono- 
crotaline.!? 


* 
Requests for reprints to Dr Celia M Oakley, Royal Postgraduate 
Medical School, Hammersmith Hospital, Ducane Road, London 
N12 OHS. 


Primary pulmonary hypertension is commoner in 
women of childbearing age than in any other group, 
symptoms often develop after puberty or postpartum, 
and progression of pulmonary vascular disease has 
been associated with the use of oral contracep- 
tives.!? 14 There is some experimental basis for an 
association with female hormones, 5 and the use of a 
non-virilising antioestrogen such as tamoxifen might 
even find a place in treatment. 

The prognosis of primary pulmonary hypertension 
is grave, though a few patients remain stable without 
specific treatment and many survive longer than the 
median two years of Wood's first саѕеѕ.!° A clinical 
diagnosis can often be made, but it is essential that 
every patient has full cardiac and pulmonary investi- 
gations to ensure that no treatable cause of secondary 
pulmonary hypertension is left undiscovered. 

The place of lung biopsy is controversial.!? It has 
the academic attraction of aiding prediction of likely 
vasodilator responsiveness as well as the possibility of 
uncovering a specific underlying cause. Unfortu- 
nately, transbronchial biopsy produces too small a 
sample, and since haemorrhage or pneumothorax 
would be especially hazardous in these patients an 
open lung biopsy is safer but it has not yet been shown 
to justify itself. Pulmonary veno-occlusive disease can 
usually be recognised clinically, although lung biopsy 
provides confirmation of this quickly fatal disorder. 
Medial hypertrophy in primary pulmonary hyperten- 
sion appears to precede intimal proliferation, oblitera- 
tive fibrosis, fibrinoid necrosis, and the “plexiform 
arteriopathy” of Wagenvoort,'* but the therapeutic 
dilemma is how to get hold of patients at a stage of 
medial hypertrophy before these irreversible changes 
occur. Symptoms are absent until the disorder is far 
advanced, and the appearances at necropsy are usually 
identical to those in the Eisenmenger syndrome.'* 
Fanciful wishful thinking suggests that if increased 
vasomotor tone and reactivity generate more muscle 
then this muscle will carry о: receptors and at an · 








nary vasodilator 
agents. À recent 
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man in whom sublingual isoprenaline repeatedly 
induced a transient fall to normal of a moderately 
increased pulmonary artery pressure and achieved 
this in four separate studies over a four year period 
during six years of clinical benefit, a seemingly clear 
case of reversible vasoconstrictive pulmonary hyper- 
tension. Ánother reported case showed a dramatic 
response to acetyl choline, but three years later the 
pulmonary artery pressure was higher and no longer 
fell with acetyl choline.2° These cases, however, differ 
greatly from most patients with primary pulmonary 
hypertension, most of whom have higher pulmonary 
artery pressures when first seen and show at best a 
much less dramatic response to any drug.?!774 —— 

Therapeutic endeavour is encouraged by a tew 
patients who have shown spontaneous regression of 
primary pulmonary hypertension.?5 26 Two reported 
patients had both developed symptoms in childhood?5 
or айоіеѕсепсе,26 and one had already advanced to a 
stage of right ventricular failure when death would 
have been no surprise.?5 This shows that clinically 
advanced disease should not necessarily be equated 
with irreversibility. In another personal case regres- 
sion to normal from pulmonary hypertension at sys- 
temic level occurred in a woman who had been treated 
with an early calcium antagonist, prenylamine, pre- 
scribed to her years earlier for angina presumed to be 
from the right ventricle. 

Vasodilator drugs can improve cardiovascular func- 
tion only in patients with primary pulmonary hyper- 
tension who have a high level of reversible vasomotor 
tone in the pulmonary bed and, conversely, they must 
have a detrimental effect in patients with irreversible 
anatomical changes.?? 27 Selective systemic vasodilata- 
tion will cause hypotension and may be fatal unless 
left ventricular filling increases. The right ventricular 
output is characteristically very low in primary pul- 
monary hypertension, and it may paradoxically fall 
further after the chosen vasodilator if the drug either 
reduces venous return and right ventricular filling 
pressure or if it has negative inotropic properties and 
reduces right ventricular contractile force without 
relieving its afterload. Thus nifedipine has been 
reported to cause a reduction in cardiac output associ- 
ated either with a fall in right atrial pressure?’ from 
systemic vasodilatation or with an increase in right 
atrial pressure associated with evidence of right ven- 
tricular failure.?? These adverse effects are not appar- 
ent when ‘nifedipine unloads the right ventricle by 
pulmonary vasodilatation and the cardiac output 
гіѕеѕ.30 31 [n just the same way net benefit from 
nifedipine has been reported in left ventricular fail- 
- ure. 

Patients with a patent foramen ovale were early 
Observed by Wood to have a better prognosis; they 
can keep the left ventricle filled and are less likely to 
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become hypotensive or to die suddenly. In such 
patients a favourable response to a drug may be seen 
by an increase in systemic arterial oxygen content 
while a fall signals selective systemic vasodilatation 
with an increase in right to left shunting. Unlike in 
mitral stenosis successful reduction in pulmonary vas- 
cular resistance in primary pulmonary hypertension is 
not normally associated with a fall in systemic arterial 
saturation, caused by perfusion of underventilated 


lung, provided the cardiac output rises.?7 Recruit- . 


ment of previously unperfused vessels rather than a 
general relaxation of vasomotor tone may possibly 
account for some observed rises in cardiac output 
associated with a fall in both systemic and pulmonary 
artery pressures. This phenomenon may explain 
refractory -hypotension and death reported with 
incremental dosage of a drug which had seemed to be 
well tolerated?” or there may be rapid attenuation of 
an initially favourable response.?? In some patients 
given a vasodilating inotropic agent such as iso- 
prenaline the pulmonary artery pressure has fal- 
len?3 34; in others it has caused a rise in right ventricu- 
lar output with a deleterious rise in pulmonary artery 
pressure?5 associated with failure to dilate the lung 
vessels; calculated resistance may stay the same or 
actually fall, tachycardia is usual, and tremor uncom- 
fortable. 

Conflicting responses (many favourable but some 
adverse) have been reported from acute studies of 
many different vasodilators either infused into the 
pulmonary artery or given intravenously: acetyl 
choline,*  tolazoline,?$ phentolamine,37-39 iso- 
prenaline,?? 34 and diazoxide,#°- 43 but long term oral, 
treatment has been disappointing. Prostacyclin sug- 
gested itself as a suitable drug for acute assess- 
ment,^^ 4^6 being a powerful relaxanteof vascular 
smooth muscle, and it may be particularly relevant if 
abnormal platelet behaviour is important in the 
pathogenesis of primary pulmonary hypertension. 
Although non-selective, prostacyclin is easily titrated 
and can be used safely for assessing drug responsive- 
ness. Since the vasodilator effect of hydralazine is 
thought to be mediated by endogenous prostaglandins 
its use in primary pulmonary hypertension was attrac- 
tive,47-4? but as with nifedipine both beneficial and 
serious adverse reactions have been reported. 
Recently, the use of diltiazem5?5! and captopril5? 53 
have been reported. Diltiazem has the least myocar- 
dial depressant effect of the calcium antagonists so is 
the most attractive for use in primary pulmonary 
hypertension. Enalapril with its longer action may 
prove preferable to captopril. New synthetic beta 
adrenergic agonists such as pirbuterol,5* with a high 
selectivity for pulmonary beta, receptors, will no 
doubt be “better” than isoprenaline. З 

Sadly, structural obliteration of ће pulmonary сіг- 
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culation is probably the major factor by the time most 
patients are seen, but even if only 596 or 1096 of 
patients are capable of pulmonary vásodilatation every 
patient with primary pulmonary hypertension should 
be given the benefit of an inpatient, invasive, acute 
haemodynamic assessment. There is yet no guide to 
the agent of choice. Positive responders probably 
respond to each of the drugs, and those few more 
fortunate patients stand to gain a great deal from long 
term treatment. There is no role for digitalis in 


patients with sinus rhythm, and diuretic dosage 


should be minimal. Oral anticoagulants should usu- 
ally be given to prevent secondary thromboembolism 
as in other low output states. Oxygen inhalation55 at 
home aided by an oxygen condenser may be beneficial 
in some. Portable oxygen is helpful for patients with 
arterial desaturation. Patients with primary pulmo- 
nary hypertension should be screened for evidence of 
collagen vascular disease, but it is even more impor- 
tant for patients who present with symptoms of a con- 
nective tissue disorder to be investigated for pulmo- 
nary hypertension at a time when vasodilator treat- 
ment may be most rewarding; they are patients with 
systemic lupus erythematosus?$ or scleroderma,57 
particularly in the CREST syndrome or mixed con- 
nective tissue disordet and rheumatoid disease.5§ 
Patients with systemic lupus erythematosus who are 
found to have the lupus anticoagulant should be early 
suspects for pulmonary hypertension; it is of interest 
that nifedipine is the usual drug of choice for the 
treatment of Raynaud's phenomenon and might be 
preventing the development or progression of associ- 
ated pulmonary hypertension in some of these 
patients. 

Heart and lung transplantation is the final radical 
treatment fer pulmonary vascular disease in primary 


pulmonary hypertension and the Eisenmenger syn- . 


drome and may offer the only realistic hope for pallia- 
tion of advanced disease. 
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- Reduction of infarct size 


- Ап attractive concept: useful — or possible— in humans? 


W KÜBLER, A DOOREY* 


From the Abteilung Innere Medizin III ( Kardiologie), University of Heidelberg, Germany 


The extent of myocardial infarction—that is, the 
amount of necrotic myocardial tissue—is a main 
determinant of early and late prognosis in patients 
with acute myocardial infarction.! 

À vast number of animal experiments have been 
carried out in this field which have greatly contributed 
to our understanding of myocardial infarction, infarct 
extension, and ` the resulting haemodynamic, 
metabolic, and electrophysiological consequences. In 
addition, several careful clinical studies have been 
carried out. Despite these efforts spanning more than 
a decade, there is still no generally accepted method of 
reducing infarct size that is available for routine clini- 

` cal use. Apart from the methodological problems of 
such research this dilemma seems to be predomi- 
nantly due to biological, and especially metabolic, 
problems, which are discussed briefly in this paper. 

Reduction in infarct size has been sought through 
many different approaches. In essence, they can be 
classified according to three main aims: (a) the reduc- 
tion of-myocardial energy demands; (6) the stimula- 
tion of glycolytic energy production; and (c) reperfu- 
sion in ord®r to re-establish the blood supply and 
hence oxygen availability. 


Reduction of myocardial energy demands 


Although for varied reasons the results of many 
. experimental infarct reduction studies are controver- 
: sial, it is nowadays widely accepted that reduction in 
myocardial energy demands by the administration of 
beta blockers, nitrates, or calcium antagonists can 
lead to a delay in the development of irreversible 
ischaemic damage in the affected area.23 
It seems doubtful, however, that these positive 
results from animal experimentation can also be 
expected to apply to the clinical situation of a patient 
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with acute myocardial infarction. According to 
enzyme distribution patterns and metabolic profiles of 
high energy phosphates and glycolytic intermediates 
in early ischaemia, energy metabolism in the 
ischaemic human myocardium follows the same prin- 
ciples as, for example, in the canine heart.4 During 
the early phase of ischaemia mainly creatine phos- 
phate (CP) breaks down, coincident with and prob- 
ably closely related to the development of diastolic 
pump failure.5 This decline in CP can be ameliorated 
by a reduction in myocardial energy demands—for 
example, by cardioplegia.5 In the beating heart in 
situ, however, this period during which amelioration 
is possible lasts for only a few minutes. Thereafter the 
energy deficit in ischaemic myocardium—that is, net 
adenosine triphosphate (ATP) breakdown—can be 
influenced by a reduction in myocardial energy 
demands only to a very minor degree. As a patient 
with acute myocardial infarction will generally be 
under medical care at the earliest 30-60 minutes after 
the onset of symptoms—that is, after the onset of 
myocardial ischaemia—probably al] interventions 
used to delay the infarcting process can be instituted 
only after CP breakdown has appreciably progressed. 
The effect of these interventions, therefore, has to be 
presumed to be greatly attenuated. ; 
Although the experimental results have not always 
been convincingly positive, and the foregoing theoret- 
ical considerations even suggest an attenuated effect 
in patients, several well conducted studies in humans 
indicate a reduction in infarct size after the adminis- 
tration of beta blockers?^? or nitrates.!? In evaluating 
these results reduced enzyme washout from the 
infarcting area (underestimation of infarct size), con- 
sequent to pharmacologically reduced energy 
demands and hence reduced perfusion in and around 
the ischaemic zone, has to be taken into account. Át 
least one study included non-enzymatic (electrocar- 
diographic) criteria of infarct size as well.? 


Stimulation of anaerobic energy production 


Insufficient myocardial oxygen supply leads via the 
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pasteur effect to an activation of anaerobic glycolytic 
energy production. Based on the activities of glycoly- 
tic enzymes in the human or canine heart—as assessed 
in vitro under nearly “optimal” conditions— 
glycolytic rates of flux could be expected to be 
sufficient to cover myocardial energy demands under 
ischaemic conditions. In vivo, however, such high 
rates of flux have never been measured, especially not 
during ischaemic conditions. This is due to the mul- 
tistage regulation and control of the glycolytic chain. 
(This control of the metabolic chain is of great 
physiological importance, since it enables almost 
instantaneous adaptation of the rate of flux to the 
actual energy demands.) The main regulatory effec- 
tors, apart from some glycolytic intermediates and the 
ratio of nicotinamide adenine dinucleotide (NAD) to 
NADH (the reduced form), are the nucleotide phos- 
phates, such as ATP, adenosine diphosphate (ADP), 
and adenosine monophosphate adenylic acid (AMP), 
inorganic phosphate, and the pH.$ 

The fall in the concentration of the high energy 
phosphates, such as CP and ATP, in the ischaemic 
myocardium can be slowed down by the reduction in 
myocardial energy demands. This, however, leads to 
a proportional reduction in the glycolytic flux due to 
the multistage control of this metabolic chain.* 

In practice, stimulation of anaerobic glycolytic 
energy production has been achieved only by prevent- 
ing or reducing intracellular acidosis by the applica- 
tion of buffer substances.!! Such a buffer—for 
example, histidine—should be able rapidly to pene- 
trate into the intracellular space, a prerequisite which 
cannot be adequately fulfilled under ischaemic condi- 
tions, as the buffer probably cannot be brought to the 
ischaemic area in sufficient concentration. 

In order to stimulate glycolytic flux, the administra- 
tion of substrates for glycolytic energy production— 
such as glucose—has been advocated, usually in com- 
bination with insulin and potassium.!? Even if the 
problem of bringing sufficient amounts of glucose to 
the ischaemic area could be obviated, this therapeutic 
approach would still probably not be very rewarding. 
Because of the multistage control of the glycolytic 
pathway its overall rate of flux is not determined by 
the concentration of the main substrates, free glucose 
and glycogen. In the ischaemic canine heart, for 
example, free glucose is extensively metabolised only 
during the very early stages, and thereafter glycogen 
serves as a glycolytic substrate almost exclusively, as 
free glucose utilisation is blocked at the hexokinase 
reaction owing to accumulation of glucose-6- 
phosphate, as a consequence of the rate limiting step 
' at the phosphofructokinase reaction. At this time glu- 
cose concentrations even increase owing to debranch- 
ing of the glycogen tree. At least in the ischaemic 
canine myocardium, glycolytic flux stops despite 
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sufficient myocardial contents of glycogen and glu- 
cose. This halt of glycolytic flux occurs at the level of 
the phosphofructokinase reaction and is probably due 
to the lack of ATP for the phosphorylation of 
fructose-6-phosphate to fructose-1, 6-diphosphate.5 

The main beneficial effect of glucose-insulin- 
potassium administration may be the subsequent 
reduction in plasma free fatty acid concentrations, 
substances which can increase myocardial oxygen 
consumption!? and which may also exert an arrhyth- 
mogenic effect.14!5 


Early reperfusion to re-establish blood supply and 
hence oxygen availability 


The most critical substrate lacking in infarcting 
myocardium is oxygen, which becomes rate limiting 
for oxydative phosphorylation at very low values— 
that is, «1 mm Hg (critical oxygen tension). Hence, 
oxydative phosphorylation falls precipitously as 
oxygen tension declines to this range. As a-conse- 
quence, for a given myocardial cell a situation of 
partly aerobic and partly anaerobic energy production 
seems to be rather unlikely. This view is supported by 
observations in monolayers of cultured heart cells, 
whose function and high energy phosphate concentra- 
tions decline sharply with decreasing oxygen tension 
below a critical value.!9?? Thus early reperfusion to 
re-establish blood supply and oxygen availability is 
probably the most promising approach to infarct 
reduction. Pertinent attempts began almost 20 years 
ago with intravenous administration of streptokinase. 
The generally negative results of these studies could 
probably be related in part to an excessive ischaemic 
period. A delay of 12—72 hours was usually allowed 
between the onset of symptoms and the start of treat- 
ment. This time lag is probably sufficient to induce 
irreversible ischaemic myocardial damage. 
Thrombolytic treatment has again received great 
interest after Rentrop et al reported on its intracoron- 
ary use in patients with acute myocardial infarc- 
tion.!8 1 This form of treatment had been first tried 
by Chazov et al.?° It is now well established that with 
the intracoronary administration of streptokinase an 
occluded "infarct" vessel can be reopened in 70-9096 
of patients. In fact almost every centre which uses this 
form of treatment has found that in some patients 
after thrombolytic reopening of the infarct vessel a 
dramatic improvement occurs in left ventricular func- 
tion, the electrocardiogram reverts to normal, low 
creatine kinase values develop in plasma, and the per- 
fusion defect in thallium-201 scintigrams disappears. 
Even though observations in individual patients have 
been so encouraging, however, the overall benefit of 
this form of treatment has not been firmly established 
despite a large number of clinical trials.?! Four con- 
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trolled randomised trials have yielded conflicting 
results, two being positive??23 and the other two 
negative.24~26 The failure consistently to confirm 
the efficacy of such a theoretically promising techni- 
que may be attributed to any of three different causes: 
. (а) the treatment may be harmful in some patients, (b) 
it may not be effective or of only marginal effective- 
ness in most patients, or (c) the protocols of the 
studies have been far from optimal —for example, the 
acceptance of an excessive ischaemic period. 


HARMFUL EFFECTS 

The possible hazards of thrombolytic treatment 
„include mainly haemorrhagic complications and com- 
plications due to the invasive procedure. Haemor- 
rhagic complications occur in as many as 1096 of 
cases, but a fatal outcome that can be attributed to the 
intervention occurs in < 196.2728 

The myocardial complications due to thrombolytic 

treatment are probably less serious. They include the 
occurrence of reperfusion arrhythmias (which are 
surprisingly benign in humans),2?? myocardial 
haemorrhage (generally restricted to the necrotic 
zone),>! and myocardial damage due to calcium over- 
load (occurring predominantly in already irreversibly 
damaged areas).32~35 Thus reperfusion may acceler- 
ate the necrobiotic process but does not induce addi- 
tional irreversible myocardial damage. 


BENEFICIAL EFFECTS 
The beneficial effects of thrombolytic treatment in 
acute myocardial infarction depend mainly on two 
factors: (a) the duration of ischaemia in the affected 
area, and (b) the residual blood supply allowed by 
subtotal occlusion of the infarct vessel or the presence 
of collateralseor both.3¢ As this residual flow cannot be 
assessed by non-invasive techniques, the limits of an 
ischaemic period that still allows successful reperfu- 
sion (that is, reduction in infarct size) cannot be 
given. Аз a rule of thumb the following criteria may 
favour reperfusion: (a) anginal pain for more than 
10-15 min but not exceeding 3—4 hours; (b) ST eleva- 
tion (>1 mm in leads I, II, and III) (22 mm in leads 
V1-V6); (c) creatine kinase values still within normal 
limits; and (d) no contraindications (advanced age, 
haemorrhagic disorders, known malignancy, etc). 
From the foregoing discussion it should be obvious 
that to improve the functional results of reperfusion, 
shortening of the ischaemic period should always be a 
primary aim. The ischaemic period can be shortened 
either by accelerating transport of the patient to hos- 
pital or by accelerating the process of reopening the 
infarct vessel or both. When the intracoronary route 
of thrombolysis administration is used a major delay 
often cannot be avoided while the cardiac catheterisa- 
tion laboratory is being prepared. During this time 
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intravenous infusion of streptokinase could be started 
immediately after informed consent has been obtained 
from the patient. At coronary angiography 45% of the 
infarct vessels are open after this treatment, and a 
further 25-35% of infarct vessels may be subsequently 
reopened by the intracoronary administration of 
streptokinase. In this way the functional results of 
thrombolysis in acute myocardial infarction could be 
improved.37 

After reperfusion of the infarct vessel has been 
achieved, reocclusion occurs in about 10-25% of cases 
during the hospital stay.2738 This high reocclusion 
rate would indicate the consideration of subsequent 
revascularisation procedures, such as angioplasy or 
bypass surgery or both. These procedures, however, 
entail added risks, and their use should at least be 
based on a potential beneficial effect—that is, the 
presence of salvaged myocardium in the perfusion 
area of the reopened vessel. The following criteria 
may favour subsequent revascularisation: (2) recur- 
rence of anginal pain; (b) no new Q waves on the elec- 
trocardiogram; (c) a moderate increase in creatine 
kinase activity in plasma («1000 IU/D; (d) a pro- 
nounced reduction in the thallium-201 perfusion 
defect after reperfusion; and (e) no contraindications. 
By applying such criteria revascularisation of irrevers- 
ibly damaged myocardial tissue—a procedure of 
doubtful benefit at best—may be prevented. 


Conclusions 


The reduction of myocardial infarct size is a concept 
of great potential clinical importance. At present, the 
reopening of an occluded infarct vessel by throm- 
bolysis seems to be the most promising approach. 
Although clearly effective in some patients, the gen- 
eral benefit of thrombolytic treatment in acute 
myocardial infarction has not yet been definitively 
established. Before this procedure can be finally 
evaluated the patients who may benefit may have to be 
more clearly identified, the procedure itself may have 
to be improved to reduce the ischaemic period of the 
infarcting myocardium and thus delay ischaemic 
damage, and criteria for subsequent revascularisation 
procedures have to be established. The final evalu- 
ation thus has to be based on randomised controlled 
clinical trials. 
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SUMMARY The aim of the present study was to determine the strength of the relation between serum 
creatine kinase isoenzyme MB estimated infarct size, other prognostic variables, and mortality after 
acute myocardial infarction. Serum creatine kinase MB estimated infarct size and 11 other prognos- 
tic variables were obtained in 317 patients. By Cox regression analysis the prognostic variables 
significantly related to mortality were identified: congestive heart failure, estimated infarct size, 
New York Heart Association class, number of previous infarcts, and age. Congestive heart failure 
and estimated infarct size were most strongly related to mortality. The relation between the prognos- 
tic variables and mortality was non-linear, and the variables influenced each others’ relation to 
mortality. A prognostic index based on all five prognostic variables provided the best means of 
estimating the probability of survival after acute myocardial infarct. Neither serum creatine kinase 
MB estimated infarct size nor any of the other prognostic variables had a significant independent 
influence on mortality, and the probability of survival was high in the absence of any of the 


prognostic variables in combination. 


During recent years methods for the in vivo estima- 
tion of infarct size have been developed since the 
extent of an acute myocardial infarct influences prog- 
nosis.! ? Methods of estimating infarct size based on 
serial serum creatine kinase and creatine kinase isoen- 
zyme MB activities correlate closely with the extent of 
necrosis measured at necropsy.?* Creatine kinase 
isoenzyme MB estimated infarct size has also corre- 
lated well with several indirect measures of infarct 
size, such as angiographic estimates of left ventricular 
asynergy and ejection fraction,> precordial mapping 
of О wave and ST segment changes,$ and myocardial 
positron emission tomography with carbon-11- 
labelled palmitate.’ 

A few studies have compared enzymatically esti- 
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mated infarct size with mortality and morbidity due to 
acute myocardial infarction. Patients with such com- 
plications as heart failure, cardiac arrhythmias, or 
early or late death had generally larger infarcts than 
those without.289 Furthermore, when groups of 
patients were stratified by. estimated infarct size a 
significant positive relation was found between both 
creatine kinase isoenzyme MB and creatine kinase 
estimated infarct size and these complications.’ 10—12 

Several studies have identified various prognostic 
variables for mortality after acute infarction. 
Nevertheless, no data are available on (a) the strength 
of the relation between mortality and different infarct 
size, (b) the relation between estimated infarct size 
and other prognostic variables, and (c) the influence of 
other prognostic variables on the relation between 
estimated infarct size and mortality. The aim of the 
present study was to evaluate these relations and to 
formulate a prognostic index based on the most 
important prognostic variables. 
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Patients and methods 


During a one year period, 393 patients were consecu- 
tively admitted to the coronary care unit at Glostrup 
Hospital with acute myocardial infarction. Seventy six 
patients were excluded from the study: 48 in whom 
the symptoms of infarction had lasted for more than 
15 hours before admission, 24 in whom a sufficient 
number of blood samples had not been obtained 
because the patient had died or been transferred to 
another department, and four who were admitted 
unconscious after cardíac arrest. Thus 317 patients 
were eligible for the study, of whom 43 died before 
the clinical evaluation and are not included in this 
report. 


BLOOD SAMPLING AND ELECTROCARDIOGRAMS 
Blood samples were drawn immediately after admis- 
sion, and at 0800, 1400, and 2100 on the first three 
days, and at 0800 on the following four days. If pro- 
nounced pain recurred the frequent sampling proce- 
dure was repeated. Serum creatine kinase activity was 
measured according to the Scandinavian recom- 
mended method and serum creatine kinase isoenzyme 
activity by electrophoresis on agarose gel followed by 
fluorescence scanning.!? The interassay variation of 
the creatine kinase isoenzyme MB activity is between 
5% and 10% depending on the absolute value. An 
electrocardiogram in nine leads was recorded daily; 
changes indicating either transmural or subendocar- 
dial infarction were both considered to be positive. 
Infarct localisation was determined as anterior or 
inferior. 

Every patient underwent electrocardiography dur- 
ing the entire hospital admission initially by Holter 
monitoring cable and later by telemetry. All were 
monitored with a sound track for time marking and 
for spoken comments, and all tapes were analysed 
daily by playback at increased speed with all abnor- 
malities of the types mentioned below described and 
recorded on paper. 


DEFINITION OF DIAGNOSIS 

Ап acute myocardial infarction was defined as the 
occurrence of at least two of the following: (a) typical 
clinícal symptoms, (b) typical electrocardiographic 
changes and (c) a temporary rise in serum creatine 
kinase isoenzyme MB activities above 30 U/1.!* Con- 
gestive heart failure was diagnosed by the appearance 
on x ray film of cardiac enlargement or pulmonary 
congestion or both or by the presence of unequivocal 
clinical signs and symptoms. Cardiogenic shock was 
diagnosed when systolic blood pressure was persis- 
tently below 80 mm Hg, and the patient presented 
clinical signs of shock in the absence of any extracar- 
diac cause. АП the following cardiac arrhythmias were 
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considered: ventricular extrasystoles, tachycardia and 
fibrillation, sinus arrest, supraventricular extrasys- 
toles and tachycardia, second and third degree 
atrioventricular block, and asystole. Cardiac arrest 
was defined as ventricular fibrillation or asystole. The 
New York Heart Association functional class of symp- 
toms of heart failure was estimated on day 7. 


CALCULATION OF INFARCT SIZE 
The estimation of infarct size by serum creatine kin- 
ase isoenzyme activity is based on the equation: 


Infarct size — ir: f()dt=k;- 


[T воа+вт) =k, | С воа 


E(t) is the specific creatine kinase isoenzyme MB ` 
activity (ОЛ) in serum at time t (hours). The function 
f(t) is the appearance function—that is, the hypotheti- 
cal value for dE/dt without elimination. The factor ka 
is the elimination constant (assuming first order kine- 
tics). T is the time until creatine kinase isoenzyme 
MB activity can no longer be detected. We used the 
compartment as a model, which is described in detail 
elsewhere.* 


FOLLOW UP 
The patients were followed after discharge at intervals 
depending on late complications. Nevertheless, all 
survivors were given a full clinical examination one 
year after discharge. The time of death was ascer- 
tained as far as possible, either on readmission to hos- 
pital or by communication with the official registrar of 
persons and, when necessary, with relatives. The fol- 
low up was 100%. 
STATISTICAL MODEL 
The survival data were analysed by a regression model 
originally proposed by Cox.!5 The simplest formula- 
tion of Cox's model is as a model for the death rate 
A(t), which uniquely determines the distribution of 
survival time. A(t) can be thought of as the probability 
of dying on the t-th day, assuming that the patient 
survived the first 1-1 days. A(t) is assumed to depend 
on certain prognostic factors (covariates) and to be as 
follows for a patient with covariates z,,....... 2; 
В121+...+Втуг. 
Mtszi,...,2,) - е PESE. esi. 
Here А), the underlying death rate, is an unknown 
and unspecified function of time. А consequence of 
the model is that death rates for any two patients are 
proportional—that is, the ratio between the death 
rates is not dependent on the time t. 

If a covariate z, is defined to take the value 1 if some 
characteristic is present in the patient and 0 if it is not 
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present (a qualitative covariate), but all other prog- 
nostic factors are equal, then the model assumes that 
the death rate at any time t after entrance for a patient 
with the characteristic is e ё, times the death rate at t 
for a patient without it. If B= =0 then the factor 2, has 
no influence on the death rate. Similar interpretation 
can be made for quantitative covariates such as age or 
estimated infarct size. 

Estimates By» oÊ, of the regression coefficients 
were found by maximising the likelihood function of 
Cox.!5 Estimates of the survival function and the cor- 
responding standard deviations were calculated for 
different values of the covariates according to Bres- 
low!6 and Tsiatis.!7 In this analysis it can be deter- 
mined by the graphical and numerical techniques by 
Andersen!? whether the effects of various covariates 
can be described adequately by proportionality factors 
as mentioned above, and whether they enter the linear 
way, which the model assumes. 

Not all the prognostic factors (Table 1) were avail- 
able on the day of admission; for example, the esti- 
mate of infarct size was first available on the second or 
third day. The incidence of rhythm disturbances and 
cardiogenic shock was highest during the first days of 
admission. We chose to use the information available 
during the seven days after admission for practical 
reasons. By day 7 most of the serious complications 
had appeared, the clinical course has been deter- 
mined, and the long term treatment plan had to be 
developed. 

The evaluation of the variables was begun by using 
the 12 covariates shown in Table 1. The model was 
then reduced to a minimal set of covariates with a 
significant influence on the prognosis—that is the 
covariates from the set originally considered which 
did not contribute significantly to the prognosis were 
eliminated. Furthermore, we checked by a graphical 
technique!® whether the effect of the covariates could 
be described by proportionality factors and whether 
they entered in a linear fashion. In cases where this 
was not so, the covariates were transformed accord- 
ingly. A prognostic index was defined as: prognostic 
index (PI): Bz: Pis t Bsz,, where Z,,....,Z, are the 
covariates in the minimal set. 


Results 


Forty of the 274 (1596) patients who were alive on the 
seventh day died within the first year. Table 2 shows 
the prognostic variables which were significantly 
related to the one year survival: number of previous 
infarcts, age, estimated infarct size, heart failure, and 
NYHA class. Inclusion of other variables did not con- 
tribute significantly to the estimated prognosis. 
Graphical analysis showed that age'and estimated 
infarct size had to be transformed to fit the model, and 


that NYHA class should enter as a bivariate (NYHA 1 
or >1). Table 3 shows the estimates of the regression 
coefficients В, , estimates of the standard deviations for 
these, the statistic B, JSD (B, ) and the corresponding p 
values. B/SD (B)i is an approximate standard normal 
deviate when B,=0, so that it yields a test for the 
hypothesis that one of the covariates in the model is 
without effect, assuming that the other covariates are 
still taken into account. Heart failure and creatine 
kinase isoenzyme estimated infarct size were the 
prognostic variables most strongly related to mortal- 
ity. 

To illustrate the prognostic value of the estimated 
infarct size, the estimated survival function for two 
values of estimated infarct size are shown in Fig. 1. 
'The estimated infarct sizes were 200 U/1 (—10 g) and 
2000 ОЛ (=120 р), and the other four significantly 
important prognostic variables were equal. The one 
year probability of survival was 0-87 and 0-69 respec- 
tively. 

Figures 2 and 3 show the probability of survival as a 
function of time; (@ and (6) compare the effects of the 
qualitative variable on the probability of survival. The 
effects of the quantitative variable (age and estimated 
infarct size) are compared by considering Fig, 2a 
against 2b and Fig. 3a against 3b respectively. For the 
different ages and estimated infarct sizes illustrated, 
the presence of heart failure was the most important 
single prognostic variable followed by NYHA class 


Table 1 Prognostic variables 





Variable Time evaluated 
Hypertension Before admission 
No of previous infarcts Before admission 
Age On admission 
Sex On admission 
Infarct localisation (ECG) Days 1-3 
Estimated infarct xis (creatine kinase 

isoenzyme activity) Davs 2—3 
Heart failure Days 1-7 
Pulmonary oedema Days 1-7 
Cardiogenic shock Days 1-7 
Cardiac arrhythmias Days 1-7 
Cardiac arrest Days 1-7 
NYHA class Days 1-7 


Table2 Prognostic variables of significant importance for the 
one year survival according to the formula: 


Mt 2-08) = (i)e Bg, tBgitBg.tB. B.C 
Xe d 


z,—log, (age 20 years) 
—_ [ 0 if NYHA class is 1 
2 1 if NYHA class is >1 
z,=No of previous infarcts 
{ 0 if heart failure is absent 
247 1 1 if heart failure is present 
z,-log, (estimated infarct size) 





„= 
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Table 3 Estimates of regressions coefficients ( Bj, standard deviations (SD), and p values for the five prognostic variables of 


significant importance for the one year survival 


Prognostic variable Bi 





Age (z,=log, (age—20)) 1 
NYHA class (z,) 1 
No of previous infarcts (z,) 0. 
L 
0- 


RQ 


Heart failure (2,) 
Estimated infarct size (z,—log, estimated infarct size) 


+ хл 
m со 


* i H H - A 
D(Bj 1 an approximate standard normal deviate when B;=0. 


1. 


o o o o 
Ф ч òo © 


Probability of survival 


o 
л 


0 | 100 200 300 


Days from admission 
Fig. 1 Probability of survival at least t days after the seventh 
day after admission, assuming that the patient was alive on day 
7, for two patients aged 55 years old, in NYHA class 1, with 
no previous infarcts, and no heart failure. The patient indicated 
by the upper line had an estimated infarct size of 200 UN, the 
other (lower line) one of 2000 ОЛ. Bars represent 1 SD. 


7] and the presence of previous infarcts. The clinical 
importance of large infarct size or older age changes 
rapidly with the presence of other prognostic vari- 
ables. 

Figure 4 shows the relation between creatine kinase 
isoenzyme MB estimated infarct size and the probabil- 
ity of one year survival. The upper function repre- 
sents a low risk combination of the other prognostic 
variables, the lower function a high risk combination. 
In patients without other poor prognostic variables 
the overall prognosis is good, and the clinical impor- 
tance of the estimated infarct size is small. In the 
presence of other poor prognostic variables the prob- 
ability of survival deteriorates rapidly as a function of 
infarct size. The difference in probability of one year 
survival between patients at low and high risk ranges 
between 896 and 3596 depending on the estimated 
infarct size. 

Figure 5 summarises the results of the analyses and 
shows the relation between the prognostic index (PD 
and the probability of one year survival. The presence 
of few risk factors—that is, PI 10-11—indicates а 





SD (B) Bi P 

SD (B1) 
0-73 2-29* 0-022 
0-42 2-50* 0-013 
0-21 2-42* 0-015 
0.45 3-26* 0-001 
0-16 2-60* 0-009 


very high probability of one year survival. А prognos- 
tic index above this level-indicates a rapidly deteriorat- 
ing one year prognosis. 


Discussion 


Recently estimated infarct size has been shown to bea 
prognostic variable which significantly influences the 
short as well as long term prognosis after acute 
myocardial infarction.!?!2 The aims of the present 
study were to quantify the relation between creatine 
kinase isoenzyme MB estimated infarct size and mor- 
tality and to determine its clinical importance in rela- 
tion to other prognostic variables. 

Two types of studies have been performed to evalu- 
ate the relation between serum enzyme estimated 
infarct size and mortality. Most studies have found an 
increased mean peak enzyme value or high estimated 
infarct size in those who died compared with sur- 
vivors.? 1920 . 

These studies, however, provide no information on 
the prediction of the probability of mortality. Two 
studies have shown that in patients stratified accord- 
ing to creatine kinase or creatine kinase isoenzyme 
MB estimated infarct size, there is a significant pros- 
pective relation between estimated infarct size and 
mortality.!?!? Nevertheless, neither the strength of 
the relation as a function of infarct size nor the 
influence on the relation of other prognostic variables 
have been determined. 

The present study confirms that the creatine kinase 
isoenzyme MB estimated infarct size is a significant 
prognostic variable for mortality (Table 3). As shown 
previously, the mortality is highest during the first 
months after infarction (Fig. 1).!° 12 The influence of 
infarct size on the probability of one year survival is, 
however, dependent on the other prognostic variables 
(Fig. 2). In the absence of the other variables nega- 
tively influencing prognosis, the estimated infarct size 
has little influence on the probability of one year sur- 
vival (Fig. 3). In the presence of these other prognos- 
tic variables the probability of one year survival is 
more influenced by infarct size (Fig. 4). 

The 12 covariates estimated in the present study 


Creatine kinase isoenzyme MB estimated infarct size and mortality 13 


have previously been shown to be related to mortality 
after infarction.?! Use of the Cox model of multivari- 
ate analysis provides the means of determining which 
of the covariates do not contain further information in 
the presence of the others. Of the covariates shown to 
be significantly related to mortality—infarct size, 
heart failure, NYHA class, number of previous 
infarcts, and age—only the creatine kinase isoenzyme 


Age 45 years 
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MB estimated infarct size is not universally available 
in patients with myocardial infarction. Nevertheless, 
the estimate is easily calculated from serum samples 
drawn three times daily.??* 

А few previous studies have compared creatine kin- 
ase estimated infarct size with other prognostic vari- 
ables after infarction. Geltman et al showed that 


*А full description of the estimation of infarct size is available on request. 


Age 70 years 
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Fig. 2 Probability of survival as a function of time for patients with different combinations of the prognostic variables. For the 
quantitative variables relevant constants were chosen: estimated infarct size 692 U/l (median value in the study population); age 45 
and 70 years. The qualitative prognostic variables were: 1, presence of previous infarct; 2, NYHA class >l; 3, presence of heart 


failure. 


Estimated infarct size 200 U/I 
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Fig. 3 Probability of survival as a function of time for patients with different combinations of the prognostic variables. For the 
quantitative variables relevant constants were chosen: age 62 years (mean of the study population); estimated infarct size 200 ОЛ and 
2000 ОЛ. The qualitative prognostic variables were: 1, presence of previous infarct; 2, NYHA class 71; 3, presence of heart failure. 
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Fig. 4 Probability of one year survival as a function of 
estimated infarct size. The functions represent the following 
combination of prognostic variables; the patient indicated by the 
upper line was aged 55 years, had no previous infarct, was in 
NYHA class 1, had no heart failure; the patient indicated by the 
lower line was aged 55 years, had no previous infarct, was in 
NYHA class >1, had heart failure. Bars represent 1 SD. 
CK-MB, creatine kinase isoenzyme. 
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Fig. 5 Relation between prognostic index ( Ву, Фр + Вг.) 
and probability of опе year survival (see text). 


creatine kinase estimated infarct size and heart failure 
were the two variables most significantly associated 
with mortality after infarction.! Henning et al found 
creatine kinase estimated infarct size to be 
significantly related to mortality, and the estimate was 
included in a multivariate index together with several 
other variables to predict the mortality.23 Neverthe- 
less, total serum creatine kinase activity may be 
influenced by many clinical conditions and proce- 
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dures, and the correlation between serum creatine 
kinase estimated infarct size and infarct size measured 
at necropsy is relatively low (r=0-63, SEE=42%).4 In 
the present study, however, infarct size was estimated 
by a method based on measurements of the heart 
specific enzyme creatine kinase isoenzyme MB. This 
method has proved to be reliable for estimating infarct 
size in man, which is closely related to the-extent of 
necrosis measured at necropsy (r=0-85, SEE=25%).4 

The use of creatine kinase isoenzyme MB estima- 
tion provides an inexpensive, readily available non- 
invasive method for estimating infarct size. This 
method might be of primary importance for two main 
clinical reasons. Firstly, it may be useful as an 
endpoint in clinical trials aimed at limiting the extent 
of myocardial damage during myocardial infarction. 
Secondly, the clinician might use the estimated infarct 
size to determine the prognosis after infarction. The 
main purpose, however, of assessing the pregnosis is 
to be able to improve treatment of the diseased 
patient. Thus, although a reliably estimated infarct 
size seems to be valuable for determining the prog- 
nosis, further clinical trials are needed tc show if 
treatment based on the estimated infarct size 
improves the prognosis after an infarction. 


We thank P Kragh Andersen, for valuable discussions 
of the statistical method. This study was supported by 
grants from the Danish Heart Foundation and the 
Danish Medical Research Council. 
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Prognostic significance of left ventricular ejection 
fraction after acute myocardial infarction 
A bedside radionuclide study 
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Medical Centre, Nedlands, Western Australia 


SUMMARY The prognostic significance of left ventricular ejection fraction measurements obtained at 
the bedside was assessed in 171 patients as soon as possible after acute myocardial infarction. 
Ejection fraction was measured with a radionuclide first pass portable probe method within a mean 
of 24 hours of the onset of major symptoms. The results were related prospectively to the subse- 
quent incidence of ventricular fibrillation in hospital, and to hospital and postdischarge deaths in a 
mean follow up period of 15 (range 9-21) months. All eight episodes of primary ventricular fibrilla- 
tion, all 12 deaths due to pump failure in hospital, and also 12 out of 13 postdischarge deaths 
occurred in that minority of 81 patients whose initial postinfarction left ventricular ejection fraction 
was «0-35. Multivariate correlation with clinical; enzymatic, and electrocardiographic indicators of 
myocardial infarction showed that the prognostic significance of these indicators could largely be 
explained by their association with low left ventricular ejection fractions. Left ventricular ejection 
fraction measured within the initial 24 hours after acute myocardial infarction predicts prognosis 
throughout the subsequent year. | 


Clinical studies have found that the prognosis after ing left ventricular shape makes them more desirable 
acute myocardial infarction depends mainly on the for studies in patients with acute myocardial infarc- 
severity of clinical manifestations of left ventricular Поп than other non-invasive techniques.” The clinical 
damage and dysfunction at the time of hospital admis- application of such methods in this situation has 
sion.'~3 Direct angiographic measurements of left therefore been advocated.® Nevertheless, whether or 
ventricular function in patients with ischaemic heart not the expense of such measurements might be 
disease who are being investigated for possible coro- justified by their independent clinical and prognostic 
nary artery bypass surgery have shown that left ven- significance has not yet been determined. 

tricular ejection fraction measurements are of major We, therefore, carried out this study to define the 
Prognostic importance.*5 Nevertheless, the invasive prognostic significance of abnormal left ventricular 
nature of such measurements limits their application ejection fractions at admission to a coronary care unit 
in patients with acute myocardial infarction. Mini- after acute myocardial infarction. 

mally invasive first pass or equilibrium radionuclide 

methods for measuring ejection fraction directly from Patients and methods 

the relative decrease in left ventricular counts during . 

systole$ correlate well with contrast angiography and During the 12 month study period all patients 
are well suited to studies in such patients. Their rela- admitted to the coronary care unit with a diagnosis 
tive independence of geometric assumptions concern- of suspected acute myocardial infarction within the 
i i ‘preceding 72 hours were invited to enter the study. 
Requests for reprints to Dr Michael J Kelly, Nuclear Medicine А bedside radionuclide measurement of left 
Department, Alfred Hospital, Commercial Road, Melbourne, 3181 ventricular ejection fraction was then performed as 
Victoria, Australia. . Soon as possible, after informed consent had been 
Accepted for publication 24 July 1984 | obtained. 
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Bedside ejection fraction and prognosis after infarction 


Acute myocardial infarction was diagnosed when 
. any two of the following were present: (а) a typical 
clinical history of acute myocardial infarction, (b) 
evolving electrocardiographic changes of acute Q 
wave or non-Q wave myocardial infarction, and (c) 
typical serum cardiac enzyme pattern of acute 
myocardial infarction based on creatine phosphokin- 
ase, serum aspartate aminotransferase, and lactate 
dehydrogenase activities; creatine phosphokinase 
isoenzymes were used when intramuscular injections 
had been given. In addition, postmortem confirma- 
tion of acute myocardial infarction was accepted. 

This study included 171 patients with confirmed 
acute myocardial infarction (mean age 60 (9) (range 
29-79) years), of whom 123 (72%) were male. These 
patients represented 91% of 188 patients with acute 
myocardial infarction admitted during the study 
period. The remaining 17 patients with acute 
myocardial infarction during this period were not 
studied either because of death within several hours of 
admission before study could be arranged (seven 
patients), inadequate venous access (four), an unin- 
terpretable chest radiograph because of chest defor- 
mity (two), equipment malfunction (two), or consent 
withheld (two). 

Left ventricular ejection fraction results in 15 
patients admitted to hospital in whom no clinical, 
electrocardiographic, or radiological evidence of heart 
disease was found were used as a control group. In all 
of these patients a non-cardiac diagnosis for their 
symptoms was made, and no symptoms or signs of 
heart disease developed in the following 12 months. 


RADIONUCLIDE TECHNIQUE 

All ejection fraction measurements were made at the 
bedside usiflg the portable probe initial transit 
method described by Steele et al.? Results obtained 
with this method have been found to correlate well 
with contrast left ventriculography by three groups of 
workers.?"!! 

The portable probe detector was positioned per- 
pendicular to the chest wall over the heart and the left 
ventricular position ascertained as follows. A metal 
paper clip was taped to the patient's precordium in 
the fourth or fifth left intercostal space, 4—6 cm from 
the mid-sternal line. A chest radiograph was then 
taken with the patient supine and breathing quietly. 
This radiograph was used to determine the chest wall 
surface point overlying a point halfway between the 
midline and the cardiac apex and halfway between the 
upper and lower borders of the heart shadow. А circu- 
lar cardboard target was taped to the precordium with 
its central hole over the point thus defined as over- 
lying the mid left ventricle. Patients were studied 
supine or with their trunk tilted upright by 157-30? if 
the supine position caused dyspnoea. 
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The radionuclide used was either ionic indium- 
113m 1-2 mCi (37-74 MBq), which binds to plasma 
transferrin to become an intravascular marker, or 1-2 
mCi (37—74 MBq) of technetium-99m labelled human 
serum albumin. Each radionuclide dose was prepared 
in a volume of 1:0 ml and administered as a compact 
bolus using 5 ml of saline flush. All radionuclide injec- 
tions were given through a 61 cm antecubital 
intravenous line whose tip was in the superior vena 
cava. 

Two bolus injections of radionuclide were given 
5—10 minutes apart for each study, the first for 
assessment of raw left ventricular activity, the second 
for the assessment of "background". The initial 
transit of each bolus though the heart was detected 
with a collimated sodium iodine scintillation probe 
(Phillips). Lead collimation was used according to the 
specifications of Steele? and centred precisely on the 
precordial target. For recording raw left ventricular 
activity annular lead shielding with a circular central 
portal 5 cm in diameter was used. For recording 
background activity, a 5 cm diameter lead disc was 
centred over the left ventricle, and activity in an annu- 
lar region around this lead disc was recorded.? 

Resultant activity was recorded with a high quality 
x-y plotter (Hewlett-Packard). A ratemeter time con- 
stant of 0-10 s was used for slow heart rates («70 
beats/min) to minimise statistical noise, whereas a 
time constant of 0-05 s was used for higher heart rates 
to avoid overdamping of the activity-time curves. The 
resultant left ventricular and background activity 
curves were recorded on transparent graph paper. 
The curves were superimposed and matched at two 
points: (a), the initial upwards deflection and (5) the 
horizontal tail after thé initial transit was complete 
(Fig. 1). This matching was made more reproducible 
and simple by choosing the dose for the second (back- 
ground) injection so that the tails of the two curves 
would have the same vertical height.!? In practice this 
meant using from 3096 to 5096 as much activity for the 
second (background) bolus as for the first. The pul- 
monary transit time (Fig. 1) was measured from the 
time when the right ventricular peak had fallen to 
75% of its peak level to the time of peak left ventricu- 
lar activity, as recommended by Pierson and Van 
Dyke.}3 er | 

Calculation of ejection fraction—Left ventricular 
ejection fraction was measured from the fractional 
decrease in net ventricular activity for each cardiac 
cycle, from the time of peak left ventricular activity 
until just before recirculation became apparent on 
either of the time-activity curves. The mean value of 
these individual cardiac cycles was used (Fig. 2). 

Reproducibility of the method—Duplicate studies 
within half an hour in 35 patients showed highly 
reproducible results for ejection fraction: (initial 
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Fig. 1 Lefi ventricular time-activity curve (showing systolic to 
diastolic fluctuations in activity) with superimposed background 
(smooth trace) time-activity curve. The first of the two large 
peaks on the ventricular curve is due to right ventricular transit, 
whereas the taller second main peak is due to left ventricular 
bolus transit. | 


study 0-4} (0-13), second study 0-41 (0-12) with a 
standard deviation between the paired results of 0:04, 
.I— 0:95). In a further 14 patients measurements were 
made sequentially within two hours with the portable 
.probe method and with a first pass method using a 
gammacamera interfaced to a minicomputer. Data for 
the latter were acquired in dynamic format in the 45° 
left anterior oblique projection and analysed as 
described by Steele et al.!2 This gammacamera 
method was analogous to the probe method except 
that it enabled much more certain determination of 
left ventricular location. The ejection fraction results 
from these two radionuclide methods were not 
significantly different (probe 0-38 (0-14); gamma- 
camera 0-36 (0-13) and correlated strongly with each 
other (r=0-95). This suggested that the procedure 
for placing the probe used in.this.study successfully 
minimised potential errors..due to malpositioning 
over the precordium. .. , .- 


PROGNOSTIC ANALYSIS 
The initial ejection fraction value. obtained, after 
infarction was exclusively used ог prognostic 


Kelly, Thompson, Quinlan 


ECCL II >С 










f. eds on ХҮ 
Ejection fraction -Xz 





1 


Recirculation 
Fig.2 Method of calculating left ventricular ejection fraction 
from the beat to beat fluctuations in net left ventricular activity 
(that component above the superimposed and matched 
background curve.) X-Z, end diastolic counts; YZ, end systolic 
counts (mean taken over'cardiac cycles A-H). 


analysis. The miedian delay between the onset of 
symptoms and recording the initial value was 23-5 
(range 1—71) hours. Twenty two patients were studied 
twice, initially within the first 24 hours and again 24 
hours later, to determine the validity of considering 
together the prognostic significance of ejection 
fraction measurements obtained more and less 
than 24 hours after the onset of symptoms. The initial 
ejection fraction was related to the incidence of 
defined endpoints in hospital and. after discharge 
from hospital. 

Inhospital follow-up—The mean duration of hospi- 
tal admission was 8-12 days. The inhospital endpoints 
were defined as follows: (a) primary ventricular 


- ^ fibrillation—ventricular fibrillation occurring without 


preceding cardiogenic shock; (b) pump failure 
death—death in hospital in a state of intractable car- 


"diogenicshock'or pulmonary oedema without clinical 
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or necropsy evidence of a mechanical cardiac defect 
such as rupture of the interventricular septum, papil- 
lary muscle, or free left ventricular wall; (c) other 
cardiac deaths—all cardiac deaths not due to pump 
failure as defined above. 

Postdischarge follow up—The mean follow up 
period was 15 (range 9-21) months. The endpoints 
were defined as follows: (a) postdischarge sudden car- 
diac death—sudden death in the absence of clinical 
shock or cardiac failure with or without the onset of 
chest pain within the preceding hour; and (b) non- 
sudden cardiac death—death due to pump failure, 
which in all cases was associated with readmission to 
hospital. 


STATISTICAL METHODS 

Left ventricular ejection fractions are expressed as 
mean (standard deviation). Statistical analyses were 
performed with a Cyber 73 computer and the SPSS 
package of statistical programmes.!^ Differences in 
mean left ventricular ejection fraction between sub- 
groups were assessed using analysis of variance. Cross 
tabulations of non-continuous variables were analysed 
for statistical significance using the x? test. Compari- 
son of the prognostic significance of ejection fraction 
and clinical variables was performed with discrimin- 
ant function analysis. 


Results 


OVERALL EJECTION FRACTION RESULTS 

The mean ejection fraction in the 171 patients with 
acute myocardial infarction was 0-36 (0-11) (range 
0-12-0-62). The mean value in the 15 control subjects 
without heart disease was 0-62 (0:07) (range 0-50- 
0-76). Only f1% of the patients with acute myocardial 
infarction had an ejection fraction 70-50, the lowest 
level found in the 15 control subjects. 

In the 22 patients who had measurements both 
within the first 24 hours after the onset of symptoms 
and again 24 hours later, mean left ventricular ejec- 
tion fraction was 0-35 (0-10) at the initial measure- 
ment and 0-36 (0-11) 24 hours later (NS). Interstudy 
variability (standard deviation 0-04, r—0-92) was not 
significantly different from that obtained in the 35 
patients who had two studies «30 minutes apart. 


RELATION TO HISTORICAL, ENZYMATIC, AND 
ELECTROCARDIOGRAPHIC FINDINGS 

Ejection fraction was not significantly related to sex, 
age, or history of angina. It was related to the number 
of previous myocardial infarctions (p« 0-001); none, 
0-38 (0-11) (n=125); one, 0-32 (0-10) (п=34); two, 
0-24 (0-12) (п=9); more than two, 0-17 (0-7) (п=3). 
Ejection fraction was also related to enzymatic indices 
of the extent of acute myocardial necrosis (г=0:29 v 
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Table 1 Cumulative effect of peak creatine phosphokinase 
activity and history of previous myocardial infarct on severity of 
depression of left ventricular ejection fraction. Values are mean 
(SD) left ventriclar ejection fraction (numbers in parentheses are 
numbers of patients in each subgroup*) 





Peak creatine phosphokinase activity (ТОЛ) 





<1000 
0-40 (0-09) 
7 


4) 
One or more previous — 0-32 (0-10) 
infarcts (31) 


1000-2500 

0:36 (0-09) 
3 

0-26 (0-12) 

(10) 


>2500 
026 (0-07) 
0-16 (0-14) 
Q 





No previous infarct 





*Eleven patients were not included because early death or 
resuscitation from ventricular fibrillation within the first 24 hours 
prevented estimation of peak creatine phosphokinase activity. 


peak creatine phosphokinase activity; p<0-001). The 
combination of peak creatine phosphokinase activity 
and the number of previous infarctions predicted ejec- 
tion fraction better than either variable alone (multi- 
ple r=0-51; p<0-001 for each variable; Table 1). 

The electrocardiographic site of. infarction was 
strongly (p«0-001) and the presence or absence of 
pathological Q waves was weakly (p« 0-05) related to 
ejection fraction. Among the 154 patients whose 
infarct location could be determined from the elec- 
trocardiographic changes, mean ejection fraction was 
highest with inferior infarction (0-41 (13); п=76), 
lower with anterior infarction (0-34 (110); 1257), and · 
lowest with combined anterior and inferior infarction 
(0-29 (13); п=21); even lower values were found when 
the site of infarction was obscured by the presence of 
left bundle branch block (0:24 (11); п=11). Mean 
ejection fraction was lower in patients with Q waves 
(0-34 (10); n=101) than in those without (0-38 (12); 
n=59) (p« 0-05; left bundle branch block excluded). 
The additive nature (p« 0-001) of the interrelations 
between the electrocardiographic findings, history 
of previous infarction, and ejection fraction is shown 
in Table 2. 


Table 2 Additive effect on left ventricular ejection fraction of 
history of previous myocardial infarction, site of 
electrocardiographic localisation, and presence of Q waves. 
Values are mean (SD) left ventricular ejection fractions (numbers 
in parentheses are numbers of patients in each subgroup*) 





Site of infarct 


Inferior Anterior Anteroinferior 
or LBBB 
No Q wave, initial 0-44 (0-08) 0-39 (0-09) 0:31 (0-11) 
infarct (15) (14) 2 
Q wave, initial 0-41 (0-07) 0-32 (0-11) 0-31 (0-10) 
arct (43) (35) (10) 
No Q wave, 0-39 (0-09) 0-32 (0-10) 0-31 (0-09) 
recurrent infarct (7) 6 (6) 
Q wave, recurrent 0-32 (0-12) 0-23 (0-04) 0:23 (0-12) 
infarct aD (2) (14) 





*Six patients without localising electrócardiographic features are not 
included. LBBB, left bundle branch block. 
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Fig.3 Individual admission ejection fractions for the 15 
normal subjects and for status at hospital discharge of the 171 
patients with acute myocardial infarction. VF » Ventricular 
fibrillation; PFD, pump failure death; arrow indicates a fallin 
ejection fraction after reinfarction. 


INHOSPITAL PROGNOSIS 

Fig. 3 shows the relation of admission ejection frac- 
tion to status at discharge. The 145 patients who left 
hospital alive without requiring resuscitation from 
ventricular fibrillation had a mean admission ejection 
fraction of 0-38 (0-11). The eight patients who had 
primary ventricular fibrillation in hospital had 
significantly lower admission ejection fractions (mean 
0-24 (0-06), p<0-001); all left hospital alive after 
resuscitation. 

In all 12 patients who died of pump failure initial 
ejection fraction after the fatal episode of infarction 
was <0:35. Ten patients who died from primary 
pump failure without clinical evidence of reinfarction 
had a mean admission ejection fraction of 0-18 (0-05). 
The two other patients to die of pump failure in hospi- 
tal did so after reinfarction. The initial ejection frac- 
tions in these two patients were initially higher than in 
the other patients to die of pump failure (mean 0-32 
(0-04) but fell when remeasured within 24 hours of 
reinfarction (mean 0-19 (0-05)) (Fig. 3). Individual 
ejection fractions in the group of patients who subse- 
quently died of pump failure overlapped considerably 
with those of other subgroups (Fig. 3). There was 
much less overlap between the pulmonary trarisit 
times of the patients who died of pump failure (mean 
17-6 (3-8) s, range 11—22 s) and those of other patients 
(mean 8-1 (3-4) s, range 4-29 s) (Fig. 4). Pulmonary 
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transit time was >14 s in 11 out of 12 patients who 
died in hospital of pump failure but in only 3 out of 
159 others (p« 0-001). 

In the six patients who died in hospital of cardiac 
causes other than pump failure the mean admission 
ejection fraction was 0-44 (0-11), which is not 
significantly different from the values found in the 
hospital survivors. The causes of death in this group 
of patients comprised cardiac rupture (two), elec- 
tromechanical dissociation (one), and ruptured papil- 
lary muscle or ruptured interventricular septum 
(three). In these three patients the radionuclide time 
activity curves suggested a left to right shunt; in each 
case they differed from those of all other patients in 
showing a very prolonged washout phase of the left 
ventricular peak despite normal pulmonary transit 
times and an ejection fraction 70-35. 


POSTDISCHARGE PROGNOSIS 

Of the 153 hospital survivors, 13 (996) died during 
follow up. Three of the deaths were due to cardiac 
failure, whereas 10 were sudden. Of the sudden 
deaths, fatal collapse was witnessed in six, but unwit- 
nessed in two and was due to documented ventricular 
fibrillation after the onset of chest pain in the remain- 
ing two. 

Fig. 5 shows the relation between admission ejec- 
tion fractions and the follow up status of hospital sur- 
vivors. The mean admission ejection fraction in the 13 
patients who died after discharge was significantly 
lower (0-25 (0-09)) than in the 140 patients still alive a 
mean of 15 months after acute myocardial infarction 
(0-38 (0-10); p<0-001). In the 10 patients who died 
suddenly during follow up the mean ejection fraction 
was 0-27 (0-09), and in the three patients whose death 
was not sudden it was 0-19 (0-09) (NS vs sudden 
deaths). The patients who died during follow up 
included all three hospital survivors with pulmonary 
transit times >14 s (Fig. 4). 


TOTAL EFFECT ON PROGNOSIS 

Table 3 summarises the overall association between 
prognosis and admission ejection fraction; all episodes 
of primary ventricular fibrillation or of death due to 
pump failure in hospital and all but one postdischarge 
death occurred when the admission ejection fraction 
was «0:35. 


PROGNOSTIC ACCURACY OF ADMISSION EJECTION 
FRACTION vs CLINICAL INDICES 

Discriminant function analysis showed that the 
admission ejection fraction had greater overall prog- 
nostic significance for the development of ventricular 
fibrillation, pump failure death, or postdischarge 
death than any non-radionuclide variable. A history of 
previous infarction, peak creatine phosphokinase 
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Fig.4 Ejection fraction in relation to pulmonary transit time, diagnosis, and inhospital prognosis. Patients who 
died of other causes than pump failure death are not shown. VF, primary ventricular fibrillation (arrows indicate 


changes with recurrent infarction). 
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Fig. 5 Individual admission ejection fractions of the normal 
subjects and the 153 hospital survivors of acute myocardial 
infarction in relation to status at the end of follow up after 


discharge. VF, ventricular fibrillation before hospital discharge. 


Table 3 Overall relation of admission left ventricular ejection 
fractions to prognosis except for deaths attributable to mechanical 
cardiac defects 


——.— ——.———— ———— 








Ejection fraction 
2034 «045 
No of patients 90 81 
(A) With primary ventricular 
fibrillation 0 8 
No of deaths: 
(B) In hospital due to 
pump failure 0 12 
(C) After discharge 1 12 
No (96) of patients with (А), 
(B), or (C) 1C0 30t (36)* 
*p« 0-001. 


+Two patients had both (A) and (С). 

activity, and electrocardiographic features had no 
independent prognostic significance for these 
endpoints when the ejection fraction was known. The 
most prognostically important non-radionuclide vari- 
able was the appearance of the lung fields on the initial 
chest radiograph. Table 4 shows the interrelation 
between these prognostic endpoints, the chest x ray 
findings, and an ejection fraction <0-35. Both the 
ejection fraction and the c y findings had 
independent prognostic sj ut that of the 
ejection fraction was рге | 
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Table 4 Additive overall prognostic value of left ventricular 
ejection fraction and the appearance of the lung fields on the 

- initial. chest.radiograph for ventricular fibrillation, death due to 
pump failure in hospital, and death after discharge. For each 
subgroup the number of patients with one or more of these 


prognostic end points/total patients in subgroup (96) is indicated. 
ee 





Lung fields Left ventricular ejection fraction 
(% of patients) 
>0-34 «0.35 
Normal 1/75 (1) 10/48 (21) 
Congested 0/9 (0) 5/10 (50) 
Pulmonary oedema 0/6 (0) 15/23 (65) . 


Discussion 


This study adds to previous evidence on the prognos- 
tic importance of left ventricular ejection fraction in 
patients with myocardial infarction. A strength of this 
study in comparison to other studies is the inclusion 
of a near complete spectrum of a large group of con- 
secutive patients admitted with myocardial infarction 
to a coronary care unit over 12 months. In particular, 
the study protocol is unique in that it enabled left 
ventricular ejection fraction to be obtained in 
significant numbers of patients before ventricular 
fibrillation and before death due to pump failure. 
Other strengths of the study include the measurement 
of ejection fraction within 72 hours of the onset of 
symptoms in all cases and the correlation of results 
with both inhospital and postdischarge prognosis in 
relation to clinical variables. Our ejection fraction 
measurements were obtained with the first pass port- 
able probe radioisotope method described by Steele 
et al.? This technique was able to obtain bedside data 
from these critically ill patients more promptly, more 
conveniently, and less expensively than radionuclide 
ventriculography with a portable gammacamera and 
computer. 

The range of admission ejection fractions in this 
large group of patients after acute myocardial infarc- 
tion (mean 0-36 SD 0-12) is similar to radionuclide 
results found in smaller groups by Rigo et аЇ!5 and by 
Schelbert et al.'© Our results suggest that there is 
little overall change in ejection fraction in the first 
24—72 hours after myocardial infarction. 


HOSPITAL PROGNOSIS 

The correlation of admission ejection fractions with 
subsequent clinical outcome has confirmed and 
extended the finding by Rigo et аі, Schelbert et а/,!6 
and Shah et al'7 that ejection fractions «0-35 soon 
after acute myocardial infarction are related to hospi- 
tal mortality, primarily from pump failure. Neverthe- 
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less, ejection fractions in patients who died in hospital 
of pump failure still appreciably overlapped those of 
other groups of patients, and a better prediction of 
death due to pump failure by pulmonary transit times 
was possible. Prolongation of pulmonary transit time 
probably adds independently important prognostic 
information when ejection fraction is severely de- 
pressed. Presumably this is because it reflects both 
decreased cardiac output and also to a lesser extent 
increased lung blood volume. There may, however, 
be inaccuracies in measuring very low ejection frac- 
tions; non-gated radionuclide techniques tend to 
overestimate very low ejection fractions and cannot 
resolve decreases in ejection fractions «0-15-0-20 
owing to Poisson statistical fluctuation in recorded 
counts.!® Although these statistical uncertainties are 
less with a probe detector?" !! than a gammacamera, 
this factor could still have prevented accurate resolu- 
tion of ejection fractions «0-15 in this study. 

Schulze et al!’ reported that high grade ventricular 
arrhythmias detected with 24 hour ambulatory elec- 
trocardiograms before discharge after acute myocar- 
dial infarction were virtually confined to that sub- 
group of patients whose predischarge radionuclide 
ejection fraction was «0-40. Our study has further 
shown that ejection fractions in this range are highly 
related to the risk of ventricular fibrillation in hospi- 
tal, as all such episodes occurred in patients with 
admission ejection fractions «0-35. 

In contrast to death due to pump failure and poten- 
tial death due to ventricular fibrillation, death due to 
cardiac rupture and other mechanical defects could 
not be predicted by ejection fraction in our study. 


POSTDISCHARGE PROGNOSIS ° 

As with pump failure death or ventricular fibrillation 
in hospital, mortality in the postdischarge follow up 
period occurred mainly in patients whose admission 
ejection fraction was <0-35, with 12 out of 13 post- 
discharge deaths occurring in this subgroup. These 
findings of the postdischarge phase of our study agree 
with those of other studies which obtained radionuc- 
lide ejection fraction measurements under resting 
conditions at a later period after myocardial infarc- 
tion, shortly before discharge from hospital.292! They 
also agree with combined rest and exercise left ven- 
tricular ejection fraction studies after recovery from 
acute myocardial infarction,??23 which have found 
that ejection fraction <0-35 at rest was the major 
independent predictor of death in the subsequent 
year. Thus our results indicate that ejection fractions 
measured immediately after hospital admission have 
as much prognostic value after discharge as those 
measured immediately before, or shortly after, dis- 
charge from hospital. 


Bedside ejection fraction and prognosis after infarction 


EJECTION FRACTION, VENTRICULAR 
FIBRILLATION, AND SUDDEN DEATH 
In this study nine out of 10 postdischarge sudden 
deaths occurred in patients with ejection fractions 
<0-35. A strong association between ejection fractions 
<0-35 measured two weeks after infarction and sud- 
den death in the following year has been reported by 
Schulze et al.24 Sudden cardiac deaths are most likely 
to be due to ventricular fibrillation, and in two of the 
postdischarge sudden deaths this was directly 
documented. Furthermore, all eight of our patients 
who had primary ventricular fibrillation in hospital 
had admission ejection fractions <0-35. Our study 
therefore shows evidence of a pronounced association 
between advanced left ventricular dysfunction after 
acute myocardial infarction and susceptibility to ven- 
tricular fibrillation. In contrast to ejection fractions, 
ventricular arrhythmias detected during monitoring 
in the coronary care unit were not significantly predic- 
tive of either ventricular fibrillation in hospital or 
sudden death after discharge. Braat et al?5 have 
recently reported that ejection fractions <0-40 
strongly predicted sustained ventricular tachycardia 
during six weeks of continuous ambulatory elec- 
trocardiographic monitoring but that the presence or 
grade of ventricular arrhythmias detected on 24 hour 
ambulatory electrocardiograms after acute myocardial 
infarction did not. Our data add to those of Schulze 
et al24 and Braat et al?5 on the importance of the 
association between low ejection fractions and fatal 
ventricular arrhythmias, specifically with regard to 
documented ventricular fibrillation. Presumably this 
association is related to the amount of unstable 
ischaemic myocardium which is present when the 
ejection fraction is «0:35. 

. 
PROGNOSTIC SIGNIFICANCE OF EJECTION 
FRACTION RELATIVE TO CLINICAL VARIABLES 
The additive ability of the number of previous infarc- 
tions, peak cardiac enzyme activity, and electrocar- 
diographic indicators of site and severity of myocar- 
dial infarction to predict ejection suggests that ejec- 
tion fractions reflect the cumulative extent of left ven- 
tricular damage from both present and previous 
infarcts. The fact that these non-radionuclide vari- 
ables had no independent prognostic significance 
when ejection fraction results were known suggests 
that their pronostic significance is primarily attribut- 
able to their association with depressed left ventricu- 
lar ejection fractions. 

The potential clinical value of ejection fraction 
measurements after myocardial infarction. depends 
largely on whether their prognostic significance adds 
to that of more easily obtained clinical information. 
Our discriminant function analysis results indicate 
that ejection fraction measurements do add to the 
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prognostic data obtainable from standard clinical, 
enzymatic, electrocardiographic ; and radiographic 
investigations. 


This study was supported by a grant from the 
National Heart Foundation of Australia. 
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Myocarditis confirmed by biopsy presenting as acute 
myocardial infarction 


MARIA ROSA COSTANZO-NORDIN ,* JOHN BO'CONNELL,* RAMIAH SUBRAMANIAN,T 
JOHN A ROBINSON,* PATRICK J SCANLON* 


From the Departments of *Medicine (Sections of Cardiology and Immunology) and Pathology, Loyola University 
. Medical Center, Maywood, Illinois, USA 


SUMMARY Two cases of acute myocardial infarction occurred in association with myocarditis, which 
was confirmed by biopsy. The first.patient suffered an anteroseptal and the second patient an 
inferior wall myocardial infarction shortly after an acute viral illness. In both patients, coronary 
angiography showed normal coronary arteries, and right ventricular endomyocardial biopsy 
confirmed myocarditis. Histological abnormalities attributable to ischaemic heart disease were 
absent. The first patient's condition became stable after immunosuppressive treatment. Myocarditis 
resolved spontaneously within three months in the second patient. Coronary artery spasm and 
myocardial involvement with a systemic disease were unlikely. 

Endomyocardial biopsy in patients with acute myocardial infarction and normal coronary arteries 
may be useful in identifying myocarditis associated with myocardial necrosis. Myocarditis in acute 
myocardial infarction in the absence of coronary artery obstruction has not previously been 
documented during life. 


Systemic viral infection is often complicated by acute out demonstrable coronary artery disease.* We report 
myocarditis in man, but the actual pathophysiology of two cases of myocardial infarction occurring in associ- 
the resulting myocardial dysfunction is unclear.| ation with myocarditis confirmed by biopsy. 

Animal models of enteroviral myocarditis have eluci- 

dated the pathogenesis of human myocardial patients and methods 

inflammation.? Murine Coxsackie virus В1 and B4 

infection produce not only extensive myocardial CASE REPORTS 

inflammation but also coronary arteritis,> localised Gase Ј 


myocardial necrosis, and, occasionally, ventricular А 56 year old man had long standing rheumatoid arth- 
aneurysms, indistinguishable from those following ritis, without extra-articular manifestations, which 
myocardial infarction induced by epicardial coronary ^ was chronically treated with low dose corticosteroids. 
artery obstruction.*5 The presence of myocarditis in Shortly after a viral syndrome with high fever, sore 
patients who suffered myocardial infarction despite throat, myalgias, and anorexia he developed severe 
the absence of coronary artery disease has been found pressure-like substernal chest pain radiating to the left 
at necropsy. The occurrence of myocarditis in this jaw and lasting several hours. Serial electrocardio- 
setting has not been previously documented during grams showed the evolution of extensive anterolateral 
life, and a causal relation between the two entities injury and an old inferior wall myocardial infarction. 
remains controversial. It is estimated that 1% of all Cardiac catheterisation, performed two weeks after 
myocardial infarctions’ and up to 17% of myocardial the acute event, showed a large apical aneurysm with 
infarctions occurring in younger patients occur with- filling defects suggestive of mural thrombi. The coro- 
nary arteries were essentially normal. Four months 
Requests for reprints to Dr Maria Rosa Costanzo-Nordin, Loyola . later, in view of persisting symptomatic congestive 
University Medical Center, 2160 South First Avenue, Maywood, heart failure, he was referred to determine possible 
Illinois 60153, USA. myocarditis. 
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I aVR V1 


114/78 mm Hg, pulse rate 88 beats/min, respiration 
rate 24/min, and temperature 36-8°С. Cardiac exami- 
nation showed a diffuse apical impulse with a summa- 
tion gallop. Rales were heard in both lung bases, and 
pedal oedema was present. An electrocardiogram 
showed the residual changes of an extensive anterolat- 
eral infarction with persistent ST elevation in V2-V6 
as well as the old inferior wall myocardial infarction 
(Fig. 1a). His initial laboratory tests showed a normal 





Ма 


Fig. 1 Case 1: (a) electrocardiogram 
showing extensive anterolateral infarction 
with ST elevation in leads V2-V 6 and an old 
inferior wall myocardial infarction. (b) A 
gallium* scan in the anterior and 45° left 
anterior oblique projection showing 
myocardial uptake (arrows). (c) 
Photomicrograph of endomyocardial biopsy 
specimen showing interstitial 
lymphomononuclear cell infiltration (arrow) 
and myocyte necrosis (haematoxylin and 
eosin, original magnification х 200) 


differential blood count, serum protein elec- 
trophoresis, and concentration of complement. The 
rheumatoid factor was positive at a titre of 1/1280. 
Antinuclear factor was absent. Coxsackie ВІ-В6 
serum antibody titres were <1/8. A chest radiograph 
showed mild cardiomegaly. Autologous indium!!! 
leucocyte and gallium‘? scans showed pronounced 
myocardial uptake (Fig. 1b). Radionuclide ejection 
fraction was 1796 with the apical aneurysm. 


Myocarditis in myocardial infarction 


I aVR 
it aVL 
Ш aVF 


27 


V1 V4 
V2 V5 
V3 V6 





Fig.2 Case 2: (a) electrocardiogram showing changes of an acute inferior wall myocardial infarction and 
(b) photomicrograph of endomyocardial biopsy specimen showing lymphomononuclear infiltration, myocyte 
necrosis, and fibrosis (arrows) (haematoxylin and eosin, original magnification. X 100). 


A right ventricular endomyocardial biopsy showed 
focal perivascular and myocardial lymphocytic 
infiltration with myocyte necrosis, consistent with 
active myocarditis. No interstitial oedema, polymor- 
phonuclear leucocyte infiltration, or coagulation nec- 
rosis of the myocytes was seen (Fig. Ic). 

Immunofluorescence showed no immunoglobulin 
or complement deposition in the heart. Viral cultures 
and electron microscopy failed to demonstrate virus in 
the myocardium. The prednisone dosage was 


increased and azathioprine was added. The patient’s 
condition was stable 16 months after the event. 


Case 2 

A 17 year old previously healthy white boy presented 
with a one week history of sore throat, low grade 
fever, sporadic daily palpitation, and pressure-like 
non-pleuritic chest pain radiating to his left shoulder. 
On physical examination his blood pressure was 110/ 
68 mm Hg, heart rate 71 beats/min, respiration rate 
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regular at 16/min, and temperature 38-2°C. The 
throat was erythematous. Cardiac examination 
showed a normal apical impulse and heart sounds, a 
flow murmur, and physiological third heart sound. 
He had no pericardial friction rub or hepato- 
splenomegaly. 

A telemetry rhythm strip obtained on admission 
showed a short episode of accelerated idioventricular 
rhythm. Laboratory values showed a mild 
leucocytosis with left shift, an erythrocyte sedimenta- 
tion rate of 56 mm in the first hour, and negative 
blood and throat cultures. Ebstein-Barr and 
Coxsackie viral titres, and antistreptolysin O titre 
were within normal range. His peak creatinine phos- 
phokinase activity was 857 ГОЛ with a strongly posi- 
tive MB band, serum aspartate aminotransferase 
activity 150 ТОЛ, and lactate dehydrogenase activity 
558 ТОЛ. His cardiac enzyme values gradually 
returned to normal over three days showing the classic 
evolutionary pattern of an acute myocardial infarc- 
боп. Liver function was normal. 

The electrocardiogram showed ST elevation in 
leads II, III, aVF, and V5-V6 with T wave inversion 
and Q wave formation in those leads consistent with 
inferior infarction (Fig. 2а). His condition stabilised, 
and cardiac catheterisation performed one week later 
showed normal coronary arteries and left ventricular 
function. Radionuclide left ventricular ejection frac- 
tion was 6496. An echocardiogram showed no pericar- 
dial effusion. An autologous indium!!! leucocyte scan 
showed myocardial uptake. A 24 hour electrocardio- 
graphic recording showed episodes of sinus tachycar- 
dia, multiple unifocal ventricular extrasystoles, and 
short runs of ventricular bigeminy. 

Right ventricular endomyocardial biopsy showed 
focal lymphocytic infiltrates and associated myofibre 
necrosis compatible with active myocarditis (Fig. 2b). 
After an uneventful clinical course, he was discharged 
in good condition. 

Myocardial biopsy was repeated three months later 
to confirm the resolution of myocarditis before the 
patient was allowed to resume his usual school and 
sporting activities. Irregular myocyte hypertrophy, 
focal myofibril loss, and increased interstitial fibrosis 
were present. No inflammatory infiltrates were 
detected. The histological changes were considered to 
represent healed myocarditis. A follow up electrocar- 
diogram showed persistent T wave inversion in the 
inferolateral leads. To date the patient is in good 
health and performs his work without limitations. 


Discussion 
These two patients had clinical and electrocardio- 


graphic evidence of myocardial infarction in the clini- 
cal setting of acute myocarditis. Non-invasive imaging 


with indium!!! labelled leucocytes and gallium®7°® 
suggested the presence of myocardial inflammation, 
which was confirmed by endomyocardial biopsy. The 
diagnosis of myocarditis was based on the presence of 
5 lymphocytes per high power field and associated 
myocardial necrosis. The foci of active myocarditis 
identifying unsuspected myocarditis in association 
from the infarcted area, as defined by the electrocar- 
diogram, emphasising the efficacy of this technique in 
identifying unsuspected myocarditis in association 
with unexplained myocardial necrosis. No histological 
changes suggesting ischaemic heart disease were 
found. Lymphocytic infiltration and myofibre nec- 
rosis were detected in the first patient four months 
after the acute myocardial infarction, and it is there- 
fore highly unlikely that they represent the histologi- 
cal manifestations of myocardial infarction by them- 
selves. In the first patient, viral infection was the most 
likely cause of the febrile illness. The chronic corti- 
costeroid treatment for his rheumatoid arthritis may 
possibly account for the unusually severe myocardial 
involvement. Myocardial infarction due to 
rheumatoid coronary vasculitis, in the presence of 
extensive extra-articular disease and cutaneous vas- 
culitis, has been reported.!® Our patient, in contrast, 
had no evidence of extra-articular disease, and the 
absence of bound immunoglobulin or immune com- 
plex deposition in myocardial tissue argues against 
theumatoid arthritis as the cause of myocarditis and 
infarction. This patient had no symptoms suggesting 
coronary artery spasm. Although this possibility can- 
not be eliminated, this entity is an unlikely cause of 
his myocardial infarction. The second patient had a 
viral syndrome with sore throat, low grade fever, and 
myalgias. He presented with non-pleuritic chest pain 
and electrocardiographic and enzymatic evolution 
typical of an acute myocardial infarction. He did not 
have a pericardial friction rub or echocardiographic 
evidence of a pericardial effusion. These abnor- 
malities could not therefore be ascribed to pericarditis 
ог coronary artery disease. The biopsy confirmed 
active myocarditis as the likely cause of the myocar- 
dial necrosis. 

The two patients underwent coronary angiography 
within two weeks of acute myocardial infarction. The 
possibility of an intracoronary thrombus resulting in 
acute myocardial infarction and resolving without 
residual coronary obstruction cannot be excluded. 
Neither patient, however, had a history of chest 
trauma, heavy exertion, or excessive smoking, and 
thus in situ coronary thrombus formation is an 
unlikely cause of their myocardial infarction. 

Careful clinicopathological correlations at necropsy 
have shown that viral myocarditis has a wide spec- 
trum of clinical presentations. Subsequent to the sys- 
temic manifestations of a viral syndrome (fever, upper 
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respiratory infection, myalgias, arthralgias, gastro- 
intestinal complaints) patients with myocarditis may 
be asymptomatic or develop pericarditis, arrhyth- 
mias, progressive circulatory failure or precordial 
pain, and electrocardiographic changes.!?!! Symp- 
toms and signs, including exertional non-pleuritic 
chest pain, increased enzyme activity, and the appear- 
ance of ST elevation, T wave inversion, and abnormal 
Q waves in the electrocardiogram indistinguishable 
from myocardial infarction have also been observed. !2 
Nevertheless, histological documentation during life 
has not previously been reported. 

Serological evidence of Coxsackie B virus infection 


in man has been identified in 10-1896 of patients with : 


documented myocardial infarction. These data are not 
consistent and vary with the patient population, assay 
method, and sampling times. !3 !4 The confusion sur- 
rounding the association of myocardial infarction with 
myocarditis is perpetuated by the lack of unequivocal 
documentation of the latter process after acute 
myocardial infarction occurring in the setting of acute 
viral infection. 

In the experimental model, a necrotising trans- 
mural myocarditis has been produced in mice infected 
with Coxsackie virus B1 or B4. Several weeks after 
infection, 10% of the animals had aneurysmal dilata- 
tion of the left ventricle. Myocardial thinning, nec- 
rosis, and normal coronary vessels were found in the 
affected areas.5 These findings strongly suggest that 
some ventricular aneurysms may represent complica- 
tions of a preceding unrecognised necrotising 
myocarditis and may parallel similar findings in man. 

Based on our findings, selected patients with clini- 
cal, electrocardiographic, and laboratory evidence of 
myocardial infarction but normal coronary arteries, in 
whom coronfry artery spasm or a resolved intracoro- 
nary thrombus are unlikely, may be considered for 
inflammation-avid isotopic imaging and endomyocar- 
dial biopsy to identify myocarditis associated with 
myocardial necrosis. After resolution of the acute 
event, if inflammation and cardiac dysfunction per- 
5151, treatment designed to suppress inflammatory 
response may be appropriate.!5 
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Is there an indication for coronary angiography in 
patients under 60 years of age with no or minimal 
angina pectoris after a first myocardial infarction? 


Th W G VEENBRINK, T VAN DER WERF, P W WESTERHOF, E O ROBLES DE MEDINA, 


F L MEIJLER 


From the Department of Cardiology, University Hospital, Utrecht, The Netherlands 


SUMMARY Coronary angiography and exercise stress tests were performed in 91 consecutive patients 
under 60 years of age having either no or only mild angina pectoris with or without medication after 
a first myocardial infarction. Nine (1096) patients had angiographic high risk coronary artery disease 
defined as three vessel disease, left main stenosis, or proximal stenosis of the left anterior descending 
artery. Eighteen patients had a positive electrocardiographic exercise stress test, including eight of 
the nine patients with angiographic high risk coronary artery disease. 

It may be concluded therefore that coronary angiography to detect high risk coronary artery 
disease in this group can be restricted to patients with a positive exercise stress test. This policy 
would obviate the need for about 80% of coronary angiograms performed in this age group. 


The indication for coronary angiography in patients 
after a first myocardial infarction, with no or only 
mild angina pectoris, remains controversial.| 5 In 
patients with severe angina, there is a clear indication 
for coronary angiography to determine their suitabil- 
ity for surgery. Although patients with no or only 
.mild angina pectoris are not candidates for coronary 
artery bypass surgery on the basis of symptoms, 
severe coronary artery disease may be present despite 
their apparently minor symptoms." ё In some cardiac 
centres all patients under a certain age with evidence 
of coronary artery disease in the absence of specific 
contraindications are examined by coronary angiogra- 
phy in order to detect high risk disease. 

High risk coronary artery disease is defined as: 
three vessel disease, proximal stenosis of the left 
anterior descending artery, or stenosis in the left main 
coronary artery (see methods). In these patients 
surgery has been shown to prolong life expec- 
tancy.™ 16 Our study was performed in order to 
determine the incidence of high risk coronary artery 
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disease in patients under 60 years of age without or 
with only mild angina pectoris after a first myocardial 
infarction and whether or not the existence of high 
risk coronary artery disease could be predicted from 
the results of electrocardiographic exercise stress test- 
ing. 


Patients and methods 


PATIENT SELECTION 

Only patients, under 60 years of age, who sustained a 
first transmural myocardial infarction in the period 
January 1982 to October 1983, with no or with only 
mild angina pectoris (New York Heart Association 
functional class J or II for angina pectoris) irrespective 
of treatment were considered eligible. Patients with 
valvar heart disease, congestive heart failure, left 
bundle branch block, or associated severe non-cardiac 
disease such as malignancy, insulin dependent diab- 
etes, or severe hypertension were excluded from the 
study. Cardiac catheterisation and coronary angiogra- 
phy were performed about two months after acute 
myocardial infarction. Ninety one patients entered 
the study. Before cardiac catheterisation and coronary 
angiography all patients underwent electrocardio- 
graphic exercise testing. If patients were receiving 
medication this was not withdrawn. 
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EXERCISE TESTING 

АЦ patients underwent a symptom limited exercise 
stress test to detect a possible discrepancy between 
subjective and objective signs of coronary insuffi- 
ciency. The stress test was performed using either a 
treadmill (with the graded multistage exercise pro- 
tocol of Bruce) or a graded bicycle ergometric exercise 
test (10 W/min). Every three minutes-a complete 12 
lead electrocardiogram was recorded and blood pres- 
sure measured. 

In the absence of electrocardiographic signs of 
coronary insufficiency, irrespective of whether or not 
patients reached 8596 of the predicted maximal heart 
rate, the stress test was considered to be negative. The 
test was corisidered to be inconclusive if the elec- 
trocardiogram showed ST segment elevation in leads 
over the infarcted area accompanied by reciprocal ST 
segment depression. Several authors have attributed 
these ST segment elevations to abnormal left ventricu- 
lar wall motion.!7~ 19 

Electrocardiographic signs of coronary insuffi- 
ciency were defined as: (a) J point depression of 20-1 
mV relative to the end of the PQ segment, with hori- 
zontal or downward sloping ST segment,?°?! or (b) U 
wave іпуегѕіоп,22 or (c) a slow upsloping ST segment 
depression 20-2 mV for at least 0-08 s beyond the J 
point,?324 or (d) an increase of 20:2 mV for at least 
0-08 s after the J point in cases of preexisting ST 
segment depression. 


LEFT VENTRICULOGRAPHY AND CORONARY 
ANGIOGRAPHY 

The left ventricle was visualised in the frontal and 
lateral projections. The segmental contractililty was 
classified as normal, hypokinetic, akinetic, or dys- 
kinetic. Cofonary angiography was performed by 
either the Sones’ or Judkins’ technique. In addition to 
the standard posterior-anterior and oblique projec- 
tions, angulated views were also used. 

In patients with normal coronary arteries an 
ergonovine provocation test was performed 48 hours 
after stopping all medication. Increasing doses of 
0-05, 0-1, and 0-2 mg ergonovine maleate were 
injected intravenously under electrocardiographic 
control and recording of symptoms. 

Coronary stenoses resulting in more than a 70% 
reduction of luminal diameter in any projection were 
considered to be haemodynamically important.25 26 
Only the most severe narrowing in each coronary 
artery was counted. Left main stenosis was counted as 
two vessel disease and was considered to be present 
when the luminal diameter was reduced by more than 
5096, as commonly accepted. Stenoses of angiographi- 
cally large diagonal or marginal branches were consi- 
dered as lesions of the left anterior descending and 
circumflex coronary arteries respectively. Patients 


were classified as having one vessel, two vessel, or 
three vessel disease. | 

High risk coronary artery disease was defined as: 
(a) three vessel disease—all vessels having a narrow- 
ing » 7096, (b) left main stenosis > 5096, (с) proximal 
stenosis of the left anterior descending artery with a 
70-99% narrowing before take off of the first large 
septal perforator without prior anterior wall infarc- 
tion, and (d) any combinations of the above. 


STATISTICAL METHODS 
The results were analysed by the x? test. А p value 
«0-05 was considered to be significant. 


Results 


CLINICAL CHARACTERISTICS 

The mean age of the 91 patients (88 men, three 
women) was 48 (range 34—59) years. Of these, 51 sus- 
tained an inferior wall infarction and 40 an anterior 
wall infarction. Seventy patients were in NYHA func- 
tional class I and 21 in functional class II for angina 
pectoris (Table 1). 


FINDINGS AT CORONARY ANGIOGRAPHY 
Table 2 summarises the findings. 

All patients—Four patients had completely normal 
vessels, including one with an aberrant origin of the 
right circumflex artery. Another patient had <70% 
stenoses. All these patients underwent an ergonovine 
provocation test, which appeared to be negative in all 
cases. High risk coronary artery disease was present in 
nine patients; four had left anterior.descending artery 
stenosis and five three vessel disease, including two 
patients with associated left main stenosis. 

Functional class—High risk coronary artery disease 
was present in five out of 70 asymptomatic patients 
(class I) and in four out of 21 with mild angina pec- 
toris (class П). This difference is not significant. Two: 
patients with left main artery stenosis were asymp- 
tomatic. 

Site of infarction—Seven out of nine patients with 
high risk coronary artery disease had sustained an 
inferior wall infarction: four patients had proximal 
stenosis of the left anterior descending artery and 
three had three vessel disease, including the two 
patients with left main stenosis. None of the patients 


Table 1 NYHA functional class of symptoms related to the 
site of the infarction 








Site No of Class I Class II 
patients 

Inferior 51 39 12 

Anterior 40 31 9 

Total 91 70 21 
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Table 2 Angiographic findings 
—— ————ÓÉ en 


No of No of Including stenosis of: 
diseased patients : 
vessels Left anterior descending Left main 
artery artery 
All patients (n=91) 
0 5 — — 
1 63 — — 
2 18 4* — 
3 5* — 2* 
0 A Patients in class I (n=70) 
1 49 — — 
2 14 3* — 
3 2* — 2* 
i б Patients in class II (n=21) 
1 14 — — 
2 4 I* — 
3 3* — — 
р Patients with inferior infarction (п=51) 
1 hee a 
1 36 — — 
2 11 4* — 
3 3* — 2* 
7 4 Patients with anterior infarction (n=40) 
1 27 — — 
2 7 — — 
3 2* — — 
a 
*High risk coronary artery disease. 


with previous anterior wall infarction had left main 
disease or proximal stenosis of the left anterior 
descending artery in the sense of high risk disease. If 
the left anterior descending artery was occluded or 
supplied the infarcted area this was not considered to 
be in the high risk category. The difference in the 
incidence of high risk disease between patients with 
previous inferior or anterior wall infarction was not 


significant. 


EARLY COMPLICATIONS OF CARDIAC 
CATHETERISATION 

Three patients developed early complications after 
catheterisation: one required surgical correction of a 
pseudoaneurysm of the femoral artery, and two had 
reversible glottic oedema and shock attributable to an 
allergic reaction to the contrast material. 


FINDINGS AT EXERCISE STRESS TESTING 

Nine of the 70 patients who were in functional class I 
had a positive stress test as did nine of the 21 patients 
in class II (Table 3). This difference is significant 
(p<0-01). All patients showed a normal blood pres- 
sure response during exercise. No attempt was made 
to record the differences between maximal heart rate 
and duration of exercise in relation to the method of 
stress testing used. 

Only six patients with one vessel disease had a posi- 
tive stress test, whereas all the patients with three 
vessel disease, including two with left main stenosis, 
had a positive exercise response. Three of the four 
patients with proximal stenosis of the left anterior 
descending artery had a positive stress test. None of 
the patients with an inconclusive test had high risk 
disease. 

In 18 patients the exercise test was positive, includ- 
ing eight of the nine patients with high risk disease. 
Only one patient with high risk disease had a negative 
stress test. The difference in incidence of high risk 
disease in patients with a positive exercise test com- 
pared with those with a negative test is significant 
(p«0-001). 

Thirteen of.15 patients with an inconclusive test 
had previously sustained an anterior wall infarction 
and two an inferior wall infarction. After previous 
anterior wall infarction 10 patients had one vessel dis- 
ease and three two vessel disease. Of the remaining 
two patients after inferior wall infarction, one had one 
vessel disease and the other two vessel disease. At left 
ventriculography dyskinesia of the infarcted area was 
found in 12 patients and akinesia in three. 


Discussion 

This study was performed to document angiographi- 
cally the incidence of high risk coronary artery disease 
in patients under 60 years of age having no or only 
mild angina pectoris after first transmural myocardial 
infarction and to relate this to the results of exercise 
stress testing. 


Table3 Results of exercise stress test in relation to functional class and number of diseased vessels 


——————————————————————————————————————— 





Variable No of Test result: 
patients 
Positive Negative Inconclusive 
Functional class: 
I 70 9 49 12 
II 21 9 9 3 
Total 91 18 58 15 
No of diseased vessels: 
0 5 0 5 0 
1 63 6 46 11 
2 18 7* 7t 4 
3 5 5 0 0 


*Including three patients with stenosis of the left-anterior descending artery. 
TIncluding one patient with stenosis of the left anterior descending artery. 
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Previous studies—the European coronary surgery 
study group,!? the Veterans Administration study, !? 
the Seattle Heart Watch,!! and Sheldon et al!'6— 
suggest that life expectancy might be prolonged by 
operation in patients with stable angina pectoris and 
associated left main stenosis, three vessel disease, or 
proximal left anterior descending stenosis. On the 
other hand the latest Coronary Artery Surgery Study 
fails to show an improved five year survival after 
coronary artery bypass surgery in patients with no or 
mild angina pectoris with either three vessel disease or 
proximal left anterior descending artery stenosis.?7 
Nevertheless, as only 37% of the patients who were 
eligible were actually studied, the question of whether 
these results are valid remains. 

Comparison of our results with other reported 
studies is hampered by differences of definition as to 
what constitutes a haemodynamically important 
stenosis (Table 4). Mautner and Phillips considered a 
>70% cross sectional narrowing haemodynamically 
important, corresponding to а 50% narrowing in lum- 
inal diameter.28 Vanhaecke et al considered a >50% 
diameter narrowing as haemodynamically impor- 
tant.?? For the purposes of this study we chose a 
>70% reduction in luminal diameter as being 
haemodynamically important. These differences 
probably explain the lower incidence of three vessel 
disease in our study, which is similar to that reported 
by Roubin et al3° (Table 4). The higher incidence of 
one vessel disease in our series might possibly be due 
to our criteria for patient selection. Firstly, all 
patients were under 60 years of age (mean 48 years). 
Chaitman et al reported a higher incidence of mul- 
tivessel disease in patients over 55 years.?! In David's 
series, 1896 of patients under 40 years of age had nor- 
mal coronar? angiograms.?? Secondly, all patients had 
recently sustained a first infarction. Roubin et al 
found a higher incidence of three vessel disease after 
second infarction.3° Thirdly, our patients had only 
mild or no angina, whereas Vanhaecke etal and 


Table 4 Review of published studies 


Chaitman et al found a higher incidence of three ves- 
sel disease in patients with more severe symp- 
toms.2931 

In the present study five of 70 patients without 
angina pectoris had high risk disease compared with 
four out of 21 with mild angina. This difference is not 
significant. 


Several reports suggest a higher incidence of 


- multivessel disease in patients after inferior wall 


infarction.?1?? In our study 14 out of 51 patients who 
sustained inferior wall infarction had multivessel dis- 
ease, including three with three vessel disease. 
Although nine of 40 patients after anterior wall infarc- 
tion had multivessel disease, including two with three 
vessel disease these differences are not significant, as 
confirmed by Roubin et al, who also found no differ- 
ence in the incidence of multivessel disease in patients 
with inferior wall infarction compared with patients 
with anterior wall infarction.?? 

Although the risk of morbidity related to cardiac 
catheterisation is low 2-396,5435 the mortality, 
nevertheless, amounts to 0-2%.3435 Bourassa and 
Noble found that mortality was closely related to the 
presence of left main coronary artery stenosis.?5 In 
our study no patient died, and the complication rate 
was 396. 

АП patients with three vessel disease, including the 
two with left main stenosis, had a positive exercise 
stress test, even when taking medication. This agrees 
with the results of Weiner et a], who, using only a 
horizontal ST segment depression of >0-1 mV, found 
that 9796 of the patients with left main stenosis and 
9696 of the patients with three vessel disease had a 
positive result.?6 Similarly three of the four patients 
with a proximal left anterior descending artery 
stenosis had a positive stress test, which is in accor- 
dance with the results of Chaitman et al, who found a 
positive test in 8696 of the patients with proximal left 
anterior descending artery stenosis.?! 

It would, therefore, appear that the existence of left 








Author No of Defmition of Patient 96 Of patients with*: 
patients significant characteristics 
stenosis Normal One vessel Two vessel Three vessel 
vessels disease disease disease 
Roubin et aP? 202 >70% diameter No, mild, or 7 62 24 7 
narrowing severe angina, 
<60 years 
Mautner and Phillips?’ 31 >70% cross No or only mild 7 32 32 29 
sectional angina, <65 
narrowing years 
Vanhaecke et al?’ 59 >50% diameter No angina, <45 51 49 
narrowing years 
Present study 91 >70% diameter No or only mild 5% 69 - 20 5% 
narrowing angina, «60 years 


———————————ÓM— 


*Although the use of percentages calculated from -populations of <100 is often misleading, vessel involvement is given as a percentage for 


comparison. 
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main stenosis, three vessel disease, and in most cases 
also proximal left anterior descending artery stenosis 
can be predicted on the basis of a positive exercise 
test. ; 


CONCLUSION 5 

Тһе indication for coronary angiography in patients 
under 60 years who have sustained a first myocardial 
infarction and who subsequently are either asymp- 
tomatic or have only mild angina pectoris is still con- 
troversial. Our study suggests that high risk coronary 
artery disease is seldom encountered in such patients. 
The presence of high risk disease is almost always 
associated with a positive exercise stress test. 
Although no mortality was associated with angiogra- 
phy in this study group, a 3% early complication rate 
cannot be overlooked. Thus, bearing in mind both 
patient safety and cost containment, we conclude that 
in this patient population coronary angiography to 
detect high risk disease should be limited to patients 
with a positive exercise test. This policy could be 
expected to save approximately 80% of angiograms in 
this patient population. 


We thank B K Bootsma, Military Hospital, Utrecht; 
W AAJ van Ekelen, St Anna Hospital, Geldrop; F M 
A Harms, Oudenrijn Hospital, Utrecht; and M J van 
der Horst, St Anna Hospital, Geldrop; who allowed 
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Comparative recognition of left ventricular thrombi by 
echocardiography and cineangiography 
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Pathology, Stanford University School of Medicine, Stanford, California, USA 


SUMMARY Studies performed in 47 patients, 11 of whom underwent surgery for aneurysmectomy 
and 36 of whom underwent cardiac transplantation, were reviewed to assess the diagnostic 
accuracies of cross sectional echocardiography and cineangiography in detecting left ventricular 
mural thrombi and the effect of anticoagulation treatment on the incidence of such thrombi. Cross 
sectional echocardiography in 37 patients and cineangiography in 26 (16 patients were examined by 
both methods) were analysed independently by sets of two observers experienced in the respective 
methods. All four observers were blinded to the pathological or surgical findings regarding mural 
thrombus. Mural thrombus was confirmed by pathological investigation in 14 of 47 (3096) cases; 11 
of these 14 patients had intra-aneurysmal thrombi. The negative predictive value was quite good for 
both methods, but cross sectional echocardiography had a superior positive predictive value. This 
was due both to detailed soft tissue resolution by cross sectional echocardiography and to overdetec- 
tion of-mural thrombi by cineangiography in cases of aneurysms without mural thrombi. Mural 
thrombi were present in three of 20 patients with preceding anticoagulation and in 10 of 19 patients 
without anticoagulation. The results emphasise that cross sectional echocardiography is more reli- 
able than cineangiography in recognising thrombi. 


Recognition of left ventricular mural thrombi may be Patients and methods 
important before cardiac surgery or when anticoagula- 
tion treatment is considered. Recent experience has Between January 1980 and March 1983, 107 patients 
shown that cross sectional echocardiography is useful underwent open heart surgery for aneurysmectomy or 
in detecting left ventricular thrombi.!^5 Left ven- ^ heart transplantation at Stanford University Medical 
tricular cineangiography has also been used to diag- Center. Fifty six of these patients underwent either 
nose this problem.?? There have, however, been few cross sectional echocardiography or angiography or 
systematic studies-to examine the diagnostic accuracy both at Stanford before surgery and were our initial 
of either cross sectional echocardiography or cinean- study population. In this group five patients who had 
giography in the detection of mural thrombi.97!3 In technically limited echocardiograms or angiograms 
addition, controversy continues regarding the relative were excluded, and another four were finally excluded 
superiorities of echocardiography and angiography in because definite pathological confirmation regarding 
the diagnosis of mural thrombi. This study is a mural thrombi was not available. Finally, 47 patients 
retrospective analysis of the diagnostic accuracy of the (11 undergoing aneurysmectomy and 36 heart trans- 
two methods. plantation) were available for our study. They com- 
: prised six women and 41 men with a mean (SD) age of 
41 (15) years. 


Requests for reprints to Professor Richard L Popp, Cardiology Divi- CROSS SECTIONAL ECHOCARDIOGRAPHY 
Sion, Stanford University Medical Center, Stanford, California, Cross sectional echocardiography was performed in 37 
94305, USA. А ‚КЫТ. 
pauents within five (1-8 (1-7)) months before surgery 
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SSH-10A, or Irex System III ultrasound imaging sys- 
tem, using a 2-5 MHz or 3-5 MHz medium or short 
focused transducer. Echocardiograms were inter- 
preted independently by two experienced observers 
who were blinded to the radiological, pathological, or 
surgical findings regarding thrombus. The cross sec- 
tional echocardiographic criteria for mural thrombi 
were: (a) one or more masses of echoes adjacent to the 
left ventricular wall but distinct from the endocardial 
echo; (b) different visual texture of echoes from the 
adjacent myocardium; (c) asynergic motion of the ad- 
jacent ventricular myocardium; (d) occasional mobile 
projections from the mass into the ventricle; and (е) 
location of the abnormal echoes, usually at the apex. 
After the initial blind reading had been done by each 
observer the final decision on the presence or absence 
of mural thrombi was made by consensus. 


LEFT VENTRICULAR CINEANGIOGRAPHY 

Left ventriculography was performed in the 30? right 
anterior oblique projection at 60 frames/s with high 
resolution caesium iodide intensifiers (Siemens or 
General Electric). Cine recording of.radio-opaque 
grids at the end of every case verified a minimum of 
two line pairs/mm resolution. Cineangiography was 
performed in 26 patients within five (1-6 (1:5)) 
months before the operation and was analysed inde- 
pendently by two experienced radiologists who also 
were blinded to the echocardiographic, pathological, 
or surgical information. А final decision was made by 
consensus. The diagnosis of mural thrombi by con- 
trast ventriculography was based on (a) a filling defect 
persisting throughout the cardiac cycle and (b) a 
smooth ventricular outline with apparent truncation 
or loss of normal left ventricular shape. 


PATHOLOGICAL AND SURGICAL CONFIRMATION 
The pathology reports reviewed for this project 
included the presence, absence, size, location, and 
general histological findings of the mural thrombi as 
well as reports of any associated ventricular aneur- 
ysm. In the event that necessary information was mis- 
sing from a patient's initial pathological report on file, 
hearts from the transplant recipients were re- 
examined by the pathologist for the purpose of this 
study. Surgical findings of mural thrombi during 
aneurysmectomy were available in the patient's medi- 
cal records in the operative reports. 


STATISTICAL ANALYSIS 

Sensitivity was calculated as true positive/(true posi- 
tive + false negative) x 100(%); specificity as true 
negative/(true negative + false positive) х 100(%); 
positive predictive value as true positive/(true positive 
+ false positive) x 100(%); and negative predictive 
value as true negative/(true negative + false negative) 


x 100(%). Fisher's exact probability test was used to 
compare the interobserver differences in the analysis 
of the presence or absence of mural thrombi by 
echocardiography and cineangiography. The inci- 
dence of mural thrombi in the group treated with 
anticoagulant agents and the untreated group was 
compared using x? analysis with Yates's correction. !^ 
Significance was defined as a p value «0-05. 


Results 


Of the 47 patients studied, 24 had coronary artery 
disease, 19 primary idiopathic cardiomyopathy, two 
valvar heart disease, and two congenital heart dis- 
ease. A left ventricular thrombus was confirmed in 14 
of the 47 (3096). The incidence of mural thrombi in 
coronary artery disease and in cardiomyopathy was 
5096 (12 out of 24) and 1196 (two out of 19) respec- 
tively. Eleven of the 12 thrombi in the patients with 
coronary artery disease were within aneurysms. The 
sizes of the thrombi varied from 1:5 cm? 
(2-0x1-5x 0-5 cm) to 65 cm? (radius 2-5 cm, sphere). 
The thrombi noted in the two patients with car- 
diomyopathy were both remarkably large with partial 
adhesion to the left ventricular wall and extension well 
into the ventricle. Thirteen thrombi were located in 
the apex and one at the posterior wall; 11 (7996) of the 
14 thrombi were intra-aneurysmal. All the thrombi 
seen in the aneurysms were overlying the aneurysm 
bed and were firmly attached to the scarred myocar- 
dium or were identified under an endothelialised sur- 
face of the organised thrombus. The thrombi associ- 
ated with myocardial aneurysms were all laminated 
and did not protrude into the ventricle. 

There was observer disagreement regarding the 
interpretation of mural thrombi on echocardiograms 
in five cases (the consensus reached was two positive 
and three negative) and on cineangiograms in four 
cases (consensus reached was all four negative). The 
interobserver differences were not significant. 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Of the 37 patients evaluated by cross sectional 
echocardiography, 10 had true positive cases of mural 
thrombi, three false positive, 22 true negative, and 
two false negative. Thus -sensitivity was 83%, 
specificity 88%, positive predictive value 77%, and 
negative predictive value 92%. In the true positive 
cases the actual sizes of mural thrombi, as determined 
by pathological investigation, were closely estimated 
by the measurements made with cross sectional 
echocardiography (Fig. 1). A large mural thrombus 
was, however, appreciably underestimated in size in 
one instance (Fig. 2). The smallest mural thrombus 
detected by cross sectional echocardiography was 
2х2х 1-5 cm. Mural thrombi were clearly differenti- 
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Fig. 1 Echocardiograms in the (a) apical four chamber view and (b) apical long axis view and (c) a right anterior oblique angiogram 
im а 65 year old man with extensive anterior myocardial infarction. Both cross sectional echocardiography and cineangiography were 
performed within a week before surgery. A mural thrombus at the apex is seen (arrows) in (a) and a sharp cut off of contrast distant 
from the apex (arrows) in (c). Ao, aorta; LA, left atrium; LV, left ventricle; RA, nght atrium; RV, right ventricle. Schematic 
drawings are provided for illustration (lower panels). 





Fig. 2 (a) Echocardiogram and (b) pathology specimen from a 14 year old girl with cardiomyopathy. (a) The echo was read as 
positive in the apical four chamber view but the thrombus was appreciably underestimated in size (arrows). (b) A large sphencal 
thrombus (dots and arrows), virtually filling the ventricle, was found at surgery for heart transplant performed three days after th« 
echocardiographic study. The pathology specimen has been oriented to place the apex as in the echocardiogram. The planes of section 
are different, but the huge thrombus is spherical so this could not account for the disparity in size. RV, right ventricle; LV, left 
ventricle; RA, right atnum; LA, left atrium; Ao, aorta. 
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Fig.3 (a) Echocardiogram in the apical four chamber view and (b) an angiogram from an 18 year old man with cardiomyopathy 
(a) A mass of echoes at the apex was noted (arrows), but this corresponded to localised thick scar tissue without thrombus by pathology 
(false positive study by echocardiography). (b) No irregularity of the apex (arrows) was noted (true negative case). RA, right atrium; 


LA, left atrium; RV, right ventricle; LV, left ventricle. 


ated from papillary muscles and muscle bands by 
their size, shape, and location. The pathological 
findings in the two patients with false negative 
thrombi both showed small thin thrombi attached to 
the apical endocardium, which were not visible on our 
echo studies. Endocardial fibrosis and localised thick- 
ened scar tissue without thrombi were found to be the 
basis of the false positive diagnoses (Fig. 3). Localised 
calcium in a mass of echoes at the ventricular apex was 





noted in one false positive case, in which the calcium 
was in pure scar tissue without associated thrombus. 


CINEANGIOGRAPH Y 

Of the 26 patients who underwent cineangiography, 
five had true positive, six false positive, 12 true nega- 
tive, and three false negative cases of mural thrombus. 
Thus sensitivity of the technique was 63%, specificity 
67%, positive predictive value 45%, and negative pre- 





Fig.4 (a) Echocardiogram in the parasternal long axis view and (b) an angiogram from a 45 year old man with inferior myocardial 
infarction. (a) A thick layered thombus (arrows) is shown in a posterior wall aneurysm. (b) The contour of the aneurysmal (An) sac ts 
smooth and no filling defect is apparent. This was a false negative study by angiography. LV, left ventricle; LA, left atnum; Ao, 
aorta. 
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dictive value 8096. In all three false negative and four 
of six false positive cases there were associated left 
ventricular aneurysms. Thus most cases of misdiag- 
nosis of mural thrombi by cineangiography were 
related to the presence of ventricular aneurysms (Fig. 
4). The relatively high number of false positive cases 
resulted from the misinterpretation of contrast filling 
defects caused by aneurysms with rough surfaces and 
abnormalities of segmental wall motion. The factors 
related to the relatively low sensitivity of angiography 
compared with cross sectional echocardiography were 
obscuration of small mural thrombi or incomplete 
mixing of contrast medium within the apex. The fac- 
tors related to the low positive predictive value were 
difficulties in distinguishing trabeculation from mural 
thrombi (one case), irregular ventricular contour due 
to prior aneurysmectomy (one case), and aneurysms 
with irregular walls (four cases). 


ANTICOAGULATION TREATMENT AND MURAL 
THROMBI 

Information regarding the presence or absence of 
anticoagulation treatment was available in 39 patients. 
Sodium warfarin, heparin, sulphinpyrazone, or 
dipyridamole were considered to be anticoagulants. 
Mural thrombi were present in three of 20 patients 
who had received at least four weeks’ treatment with 
anticoagulants before heart surgery and in 10 of 19 
patients who had not received anticoagulants 
(p<0-05). Treatment with anticoagulants was begun 
after primary embolic events in four patients. None of 
these patients had subsequent emboli. Ventricular 
thrombus was sought and found by echocardiography 
in only one patient at the time of primary embolism. 


Discussion 


The presence of left ventricular mural thrombi may 
be assessed by several diagnostic methods including 
angiography, M mode and cross sectional echocar- 
diography, radionuclide scintigraphy, and computed 
tomography. The first angiographic observation of 
mural thrombi in coronary artery disease is attributed 
to Hamby et al іп 1974.7 They showed the angio- 
graphic features of mural thrombi: “the apex 
appeared sharply cut off during both diastole and sys- 
tole,” and “the apex appeared completely obliterated 
‘by an irregular, non-uniform density.” The early 
experience with M mode echocardiography showed a 
limited ability of this method to detect apical mural 
thrombi except when thrombi protruded into the left 
ventricle.!5~17 Cross sectional echocardiography has 
proved to have an advantage in recognising mural 
thrombi that are predominantly at the ventricular 
apex. Previous studies, however, were done with early 
equipment, and uniform criteria for mural thrombi by 
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either echocardiography or cineangiography were not 
established previously.!-31819 Qur study was per- 
formed with generally accepted criteria on images of 
high quality from modern angiographic and echocar- 
diographic instruments. Ezekowitz ег al?? and Strat- 
ton et al?! reported their experience with radionuclide 
scintigraphy (platelets labelled with indium-111) for 
detecting left ventricular thrombi as highly specific 
(specificity 88-9996) but with relatively low sensitivity 
(60-77%). Computed tomography, as reported by 
Godwin et al?2 and Tomoda et al,?3 had soft tissue 
resolution that allowed them to distinguish thrombi 
from the ventricular wall. Tomoda et al reported 
computed tomography with a sensitivity of 100% and 
a specificity of 91% for detecting left atrial thrombi 
but did not refer to left ventricular thrombi.23 Both 
this type of radionuclide scintigraphy and computed 
tomography are, however, expensive, and facilities for 
performing them are not generally available. 


LIMITATIONS OF CROSS SECTIONAL 
ECHOCARDIOGRAPHIC DIAGNOSIS 

The diagnostic accuracy of cross sectional echocar- 
diography for mural thrombi in our series (sensitivity 
83%, specificity 88%) was in the range previously 
reported (sensitivity 72-95%, specificity 86-90%) by 
others.?^!! The size and location of mural thrombi 
were well estimated by cross sectional echocardiogra- 
phy, except in one case of a large fresh homogeneous 
thrombus (Fig. 2). The discrepancy in this case be- 
tween the echocardiographic and pathological 
findings was probably because of the low and uniform 
echogenicity of the fresh thrombus.?+25 The reasons 
for the misinterpretations of thrombi Бу echocardio- 
graphy, compared with pathological findings, have 
been discussed in the results section and*may be limi- 
tations that can be addressed by further improve- 
ments in diagnostic echocardiography. We found that 
the medium range focused transducers occasionally 
masked the near field with extraneous echoes at stan- 
dard gain settings. We have recently used both 
medium (6-8 cm) and short (2-5 cm) focused trans- 
ducers routinely when abnormal echoes have been 
suspected in the ventricular apex. A short focused 
transducer may help in difficult or equivocal cases by 
improving the image in the area near the transducer. 


LIMITATIONS OF ANGIOGRAPHIC DIAGNOSIS 

The diagnostic accuracy of angiography for mural 
thrombi in our series (sensitivity 6396, specificity 
67%) was in the range of previous reports (sensitivity 
31-73%, specificity 75—9296).1213 The relatively lower 
diagnostic accuracies of angiography compared with 
echocardiography may have been due to lower resolu- 
Чоп, even with state of the art angiographic equip- 
ment, or inadequate criteria for distinguishing mural 
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thrombi from the left ventricular wall. False negative 
studies may be explained by the absence of a filling 
defect in a laminated type of mural thrombus or con- 
trast surrounding a small thrombus. Over detection of 
mural thrombi (false positive studies) may have 
occurred owing to an irregular contour of the left ven- 
tricular wall caused by trabeculae, muscle bands, or 
associated aneurysms without thrombi.” Our study 
showed low positive predictive value (4596) similar to 
the findings (57%) of Reeder et al. !? 


ANTICOAGULATION TREATMENT 

Since 1950 there have been arguments concerning the 
effectiveness of anticoagulation treatment for prevent- 
ing the formation of mural thrombi and embolic 
phenomenon in high risk patients with coronary 
artery disease.?7 We found a significant difference 
(p<0-05) in the incidence of thrombi between the 
patients who had received anticoagulation treatment 
for at least four weeks and those who had not. These 
results were similar to Keating et als data?! but dif- 
fered from those of Simpson et al?’ and Swan et. al.3° 
None of the five patients who had embolic events in 
our series had received previous anticoagulation 
treatment. Information regarding the dose, duration, 
interruption, or absence of anticoagulation treatment 
in patients without embolic events was not, however, 
uniformly obtainable throughout the follow up 
period, so a statistical comparison could not be made. 
Kallichurum et al reported a prevalence of emboli 
noted in lung, kidneys, spleen, myocardium, and 
brain as high as 5896 in patients with cardiomyopathy 
at postmortem studies.3! Our study included only 
clinically manifest emboli. 

As this stfdy was performed retrospectively, it has 
some limitations: (a) the lack of uniformity of the 
examination technique in both cross sectional 
echocardiography and angiography; (b) the limited 
number of patients (16 out of 47) examined by both 
echocardiography and cineangiography; and (c) the 
time between the examination date and date of opera- 
tion. Attempts to standardise the examination techni- 
que in our laboratory have, however, been emphas- 
ised since 1979.32 Direct comparison of the two 
methods in the same patients would have been opti- 
mal, but the 16 patients examined by both techniques 
are of special interest in view of the false positive 
results by angiography: of the four angiographically 
false positive cases, two were correctly interpreted as 
negative and two were also falsely positive by 
echocardiography. Finally, chart and pathological 
report reviews did not lead us to believe that gross 
embolism of mural thrombus developed between 
echocardiographic or angiographic study and exami- 
nation by pathology or surgery. 


TT was supported by a research fellowship funded by 
the Ministry of Education in Japan. AK was sup- 
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Heiden fellowship. 
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Beneficial effects of diltiazem and propranolol, alone 
and in combination, in patients with stable angina 
pectoris 


JOHN KENNY, PETER KIFF, JOANNA HOLMES, DAVID E JEWITT 
From the Cardiac Department, King's College Hospital, London 


SUMMARY The antianginal effects of diltiazem 180 mg/day and propranolol 240 mg/day, alone and in 
combination, were investigated in 15 patients with effort related angina in a double blind placebo 
controlled crossover trial, with each period of treatment lasting four weeks. Patients performed a 
symptom limited treadmill exercise test at the end of each period of treatment. Mean (SEM) time to 
onset of angina was increased from 293(32) s when receiving placebo to 347(38) s when receiving 
diltiazem alone, to 350(30) s when receiving propranolol alone, and further to 421(34) s when 
receiving diltiazem and propranolol combined. Similar changes occurred in the duration of exercise 
testing and time to 1 mm ST segment depression. The sum of ST segment depression at peak 
exercise was reduced by both diltiazem and propranolol alone compared with placebo, and combina- 
tion treatment produced a further significant improvement. Rate pressure product was 
significantly reduced at rest and at peak exercise after propranolol alone and combination treatment. 
The study clearly showed the superior value of diltiazem and propranolol combined in effort related 
angina when compared with either drug used alone. 


Until the advent of calcium channel blocking agents, nation is more effective than when either drug is used 
beta adrenergic blocking agents in combination with — alone.*5 

nitrates had been the standard medical regimen for Diltiazem is a calcium channel blocking agent that 
stable angina pectoris. Calcium channel blocking has been shown to improve exercise tolerance in stable 
' agents have proved to be an important advance in the angina pectoris.57 Calcium channel blocking agents 
management of ischaemic heart disease. They achieve are, however, a heterogeneous group of drugs differ- 
their effect by interfering with the transmembrane ing in both molecular structure and in their phar- 
transport of calcium ions in various tissues.! Because ^ macological actions. Diltiazem may have potential 
of their ability to inhibit smooth muscle contraction advantages over the other presently available calcium 
they are effective in angina due to coronary artery channel blocking agents. It can produce vasodilata- 
spasm. Used alone they are also effective in chronic — tion without increasing heart rate, has a low incidence 
effort related angina pectoris and thus provide a use- of side effects, and can be given both intravenously 
ful form of treatment in patients in whom the use of and by mouth. In addition, studies in dogs have 
beta adrenergic blockers is contraindicated.?? Several shown that it has a less negatively inotropic effect than 
studies have shown, however, that when a calcium verapamil or nifedipine.? Thus its effects when com- 
channel blocking agent is added to a beta adrenergic bined with beta blockade may differ from those of 
blocker in the treatment of stable angina the combi- other available calcium channel blockers. We under- 
took this study to evaluate the effects of diltiazem 
when combined with propranolol in chronic exer- 
tional angina. The effects of diltiazem 180 mg/day and 
Р " propranolol 240 mg/day, alone and in combination, 
Marr mpri Dr 1 Кену, Deparment of Medicines, уеге compared with respect to symptomatic 
improvement and exercise performance in 15 patients 

Accepted for publication 2 August 1984 with stable angina pectoris. ` 
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Patíents and methods 


Patients with a history of stable exertional angina pec- 
toris were considered for entry into the study. 
Patients were included if they had chest pain associ- 
ated with >1 mm horizontal or down sloping ST seg- 
ment depression at 0-08 s after the J point on treadmill 
exercise testing. Those who had a history of conges- 
tive cardiac failure, conduction abnormalities on the 
resting electrocardiogram, unstable angina pectoris, 
or myocardial infarction in the three months preced- 
ing the study or in whom the withdrawal of antian- 
ginal drugs was considered to be inadvisable were 
excluded from the study. Patients were also excluded 
if they had evidence of notable hepatic, renal, 
metabolic, or pulmonary disease. 

We studied 15 men (mean (range) age 57:3 (50-67) 
years). Four patients had a history of transmural 
myocardial infarction. Coronary arteriography was 
performed in 14 patients. In reporting the coronary 
arteriogram, stenoses of the luminal diameter =75% 
were considered to be significant. Three patients had 
stenoses in three major vessels, five had two vessel 
disease, and six single vessel disease. At left ventricu- 
lar angiography all patients had an ejection fraction of 
>50% and a left ventricular end diastolic pressure of 
<16 mm Hg. 


TRIAL PROTOCOL 

In this study we used a double blind placebo con- 
trolled crossover trial consisting of four periods of 
treatment each lasting four weeks. The four regimens 
were placebo, diltiazem 60 mg three times a day, pro- 
pranolol 80 mg three times a day, and diltiazem 60 mg 
combined with propranolol 80 mg three times a day. 
All patients received all treatments, the order of 
administration being determined by a balanced latin 
square. The trial was double blind, and at all times 
the treatments were visually identical. Each period of 
treatment was separated by one week during which all 
antianginal drugs except for sublingual glyceryl trini- 
trate were withdrawn. At the end of a one week run in 
period, during which only sublingual glyceryl trini- 
trate was given, when required, a symptom limited 
treadmill exercise test was performed. Thereafter 
exercise tests were performed during the final week of 
each period of treatment and at the end of each week 
that separated the periods of treatment. All the 
treadmill exercise tests were performed according to 
the Bruce protocol at the same time of day for each 
patient.!° All exercise tests were symptom limited, 
the end points being severe dyspnoea, severe chest 
pain, or intolerable fatigue. Heart rate, blood pres- 
sure, and a modified 12 lead electrocardiogram were 
recorded at rest, at the end of each stage of the Bruce 
protocol, at peak exercise, and at intervals of two 
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minutes during the recovery period. We were thus 
able to obtain exercise duration, time to 1 mm ST 
segment depression, and time to the onset of angina. 
The electrocardiograms at each stage were analysed 
by calculating the sum of the number of millimetres of 
significant ST segment depression (>1 mm) in each 
lead at each stage. Rate pressure product was calcu- 
lated as the product of systolic blood pressure and 
heart rate. 

А subjective assessment of the efficacy of treatment 
during each period was obtained by patients maintain- 
ing a detailed diary of the frequency of anginal attacks 
and the number of sublingual tablets of glyceryl trini- 
trate consumed. Sublingual glyceryl trinitrate was not 
permitted prophylactically. 


STATISTICAL ANALYSIS 
Statistical analysis was performed with analysis of 
variance of repeated measurements.!! If a significant 


result was found, Student's paired £ test was used for 


comparison between two treatments. АП values were 
expressed as mean (SEM). 


Results 


SUBJECTIVE DATA 

Although the total number of anginal episodes a week 
was reduced from 7(3) during treatment with placebo 
to 3(1) during treatment with diltiazem, 2(1) during 
treatment with propranolol, and 1(1) during combi- 
nation treatment, this reduction was not significant. 
Similarly, glyceryl trinitrate consumption per week 
was not significantly decreased, though it was reduced 
from 6(3) during treatment with placebo to 3(1) dur- 
ing treatment with diltiazem, 1(1) during treatment 
with propranolol, and 1(1) during combination treat- 
ment. 


OBJECTIVE DATA 

Combination treatment with diltiazem and pro- 
pranolol produced significant increases in the dura- 
tion of exercise, time to the onset of angina, and time 
to Imm ST depression compared with placebo 
(Table 1). Duration of exercise increased from 
371(39) s during treatment with placebo to 437(28) s 
during combination treatment (p<0-02). Duration of 
exercise improved significantly compared with 
placebo during propranolol treatment, but no 
significant change occurred during diltiazem treat- 
ment. Time until the onset of angina or until the 
stopping of exercise if angina did not develop 
increased from 293(32) s with placebo to 421(34) s 
(p<0-001) during treatment with diltiazem and prop- 
ranolol combined. A similar significant increase of the 
order of 40% occurred in the duration of exercise to 
the onset of 1 mm ST segment depression after com- 
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Table 1 Mean (SEM) total duration of exercise, time to onset of angina, and time to 1 mm ST segment depression in 15 patients 


receiving four different treatments 


Placebo Diltiazem Propranolol Diltiazem and propranolol 
Duration of exercise (s) 371(39) 396(32) 412(29)* 437(28)** 
Time to angina (s) 293(32) pot nM 350(30)*** 421(34)**** 
Time to 1 mm ST depression (s) 292(37) 332(37)* 387(37)*** 403(34)*** 


Significance of difference when compared with placebo: *p<0-05; **p<0-02; ***p<0-01; ****p<0-001. 


Table 2 Mean (SEM) rate-pressure product at rest and peak exercise in 15 patients receiving four different treatments 





Placebo Diltiazem Propranolol Diltiazem and propranolol 
Rate-pressure product (mm Hg 
beat/min X107?) at: 
Rest 12-1(0-6) 10-8(0-9) 7-5(0-4)* 6-3(0-6)* 
Peak exercise 23-7(1-5) 23-X1-1) 16-4(0-6)* 14-0(0-8)* 


a oh ———— 
Significance of difference when compared with placebo: *p« 0-001. 


bination treatment compared with placebo. 

Treatment with either diltiazem or propranolol 
alone produced significant increases in time to onset 
of angina and 1 mm ST depression, but these 
increases were not as pronounced as those occurring 
during combination treatment. Angina pectoris 
occurred during the treadmill exercise test in all 
patients when receiving placebo. Angina was absent 
in seven patients when receiving combination treat- 
ment (p<0-05 compared with placebo; McNemar's 
test). Angina pectoris was absent in four patients 
when receiving diltiazem and two when receiving 
propranolol. 

Reflecting reduced electrocardiographic evidence of 
ischaemia, the sum of ST segment depression at peak 
exercise decreased significantly from 6-7(0-9) mm dur- 
ing placebo treatment to 3-9(0-7) mm during combi- 
nation treatment (p<0-01). A significant reduction, to 
5.40.9) mm (p<0-05), also occurred during pro- 
pranolol treatment, but treatment with diltiazem pro- 
duced only a non-significant reduction to 6-1(0-9) 
mm. Rate pressure product fell during combination 
treatment by about 5096 when compared with placebo 
(Table 2). Similarly, at peak exercise rate, pressure 
product decreased from 23:7(1:5) mm Hg beats/min 
10-3-with placebo to 14-0(0-8) mm Hg beats/min 1073 
during combination treatment (p-« 0-001). Pro- 
pranolol alone, but not diltiazem, produced 
significant reductions in rate pressure product at rest 
and during exercise. 


ADVERSE EFFECTS 

No important adverse effects were noted in patients 
taking placebo, diltiazem, or propranolol. Adverse 
effects were noted in two patients who received a 
combination of diltiazem and propranolol. One, who 
had a previous anterior myocardial infarct and a dys- 
kinetic anterolateral segment at left ventricular 


angiography, developed dyspnoea after starting com- 
bination treatment. This was associated with a sinus 
bradycardia of 45 beats/minute and resolved on stop- 
ping treatment. The second patient developed fatigue 
associated with a sinus bradycardia of 36 beats/ 
minute. This adverse effect responded to a reduction 
by one tablet in the dose of each drug: diltiazem dos- 
age was reduced to 120 mg/day and propranolol to 160 
me/day. 


Discussion 


The beneficial effect in angina pectoris of combined 
diltiazem and propranolol treatment has been shown 
in this study by the objective evidence of increased 
duration of exercise, increased time to the onset of 
angina, and increased time to 1 mm ST segment 
depression. This was coupled with reduced elec- 
trocardiographic evidence of ischaemia compared 
with placebo. Although there was a trend towards 
subjective improvement as evidenced by the fre- 
quency of angina and the consumption of glyceryl 
trinitrate, this change was not significant. 

The objective evidence of improvement supports 
similar studies showing that, when calcium channel 
blocking agents such as nifedipine or verapamil are 
combined with a beta blocker, combination treatment 
is more effecive that either a calcium channel blocker 
or a beta blocker used alone.*5 Diltiazem alone has 
been shown to improve exercise tolerance in angina 
pectoris, and this effect appears to be more pro- 
nounced with increasing dosages.°7 !? In this study 
we used diltiazem in a dose of 180 mg/day, at which 
dose it did not produce a significant improvement in 
duration of exercise or electrocardiographic evidence 
of ischaemia. Some dose titration studies have shown 
little benefit in exercise tolerance when diltiazem is 
used in doses of less than 240 mg/day.5 !? In a recent 
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study similar in design to ours diltiazem in a dose of 
360 mg/day appeared to be as effective or more effec- 
tive than combined diltiazem (360 mg/day) and pro- 
pranolol (240 mg/day).'4 In that study, combination 
treatment when compared with diltiazem alone, 
although not prolonging exercise time, did reduce 
electrocardiographic evidence of ischaemia. Patients 
in the study on combination treatment were often 
limited by fatigue. Similarly, in our study, although 
time to onset of angina was increased by 4096, the 
duration of exercise was increased by only 1896 com- 
pared with placebo as many patients, although not 
experiencing angina, were limited by fatigue. This 
was probably due to an appreciable reduction in peak 
heart rate. In the study of Hung et al four of 12 
patients receiving combination treatment experienced 
side effects requiring a reduction in dosage compared 
with two of 15 patients in our study. 

The beneficial action of calcium channel blockers in 
effort induced angina is multifactorial.! They may 
increase myocardial oxygen supply by increasing 
coronary blood flow. They may also reduce myocar- 
dial oxygen demand by reducing afterload by decreas- 
ing peripheral vascular resistance, and in some cases 
reducing contractility and heart rate. Combination 
treatment with diltiazem and propranolol produced 
significant reductions of the order of 40% in rate 
pressure product both at rest and peak exercise. Rate 
pressure product during exercise has been shown to 
correlate well with myocardial oxygen consumption. !5 
Thus combination treatment appears to achieve its 
beneficial effect through a reduction in myocardial 
oxygen demand. Propranolol alone also significantly 
reduced rate pressure product both at rest and during 
exercise but not to the same extent as combination 
treatment. Diltiazem alone did not significantly alter 


rate pressure product, and this may well account for - 


its failure to improve duration of exercise and reduce 
electrocardiographic evidence of ischaemia. Neverthe- 
less, it increased time to the onset of angina and time 
to 1 mm ST depression. This beneficial effect may 
have been related to increased myocardial oxygen 
supply as diltiazem has been shown to increase coron- 
ary sinus blood flow in man.!$ 

This study objectively shows the superior value of 
diltiazem and propranolol combined in effort related 
angina compared with either drug used alone. The 
beneficial effects of combination treatment appear to 
be mediated by a reduction in myocardial oxygen con- 
sumption. Caution in using combined diltiazem and 
propranolol treatment is, however, indicated by this 
and other studies, and careful titration of diltiazem 
dosage should be carried out to minimise side effects. 


Kenny, Kiff, Holmes, Jewitt 
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Effects of combined alpha and beta adrenoceptor 
blockade in patients with angina pectoris 
A double blind study comparing labetalol with placebo 


ARSHED A QUYYUMI,* CHRISTINE WRIGHT,* LORNA MOCKUS,* 
MARGARET SHACKELL,T GEORGE C SUTTON,t KIM M FOX* 


From the *National Heart Hospital, London; and tHillingdon Hospital, Uxbridge, Middlesex _ 


SUMMARY The effects of a combined alpha and beta receptor antagonist, labetalol, were investigated 
in 10 patients with chronic stable angina pectoris. The optimal dose was determined during an initial 
dose titration study when the patients were treated with 200 mg, 400 mg, and 600 mg (six patients) 
of labetalol a day. The effective dose was then compared with placebo in a double blind randomised 
study. The effects of the drug were monitored with angina diaries, treadmill exercise testing, and 48 
hour ambulatory electrocardiographic ST segment monitoring. Plasma labetalol concentrations were 
measured during each treatment period. The mean effective antianginal dose of labetalol was 480 
(SD 140) mg/day given by mouth twice a day. There was a dose related reduction in daytime and 
nocturnal heart rate, the frequency of pain was significantly reduced by 4196, and exercise duration 
was significantly increased by 4496 with labetalol when compared with placebo. The frequency and 
duration of the episodes of ST segment depression were significantly reduced by 5696 and 7396 
respectively with labetalol. Adverse effects resulted in a reduction of the dose of labetalol in two 


patients. Thus labetalol is an effective agent in the treatment of angina pectoris. 


Although beta adrenoceptor antagonists have become 
established in the treatment of patients with exer- 
tional angina pectoris,! their role in treating angina at 
rest remains controversial since myocardial ischaemia 
in these circumstances is often thought to be secon- 
dary to reduction in myocardial blood flow, possibly 
as a result of coronary spasm.?? As coronary vascular 
tone is mediated via both alpha (vasoconstrictive) and 
beta (vasodilative) adrenergic nerve endings* pure 
beta adrenergic blockade may increase coronary tone 
not only directly but also indirectly by permitting 
unopposed alpha vasoconstrictor action. It seemed 
reasonable therefore to consider alpha blocking agents 
in the treatment of angina pectoris.5$ Pure alpha 
blockers, however, were found to be unpredictable in 
patients with myocardial ischaemia because they tend 
to cause tachycardia.7 8 A safer and more predictable 
formulation was obtained by combining an alpha 
blocker with a beta blocker, which theoretically 
avoids the drawback of tachycardia and the potential 
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risks of exacerbating coronary spasm.? 

Labetalol, 5-(1-hydroxy-2-[(1-methyl-3 phenyl- 
propyl) amino] ethyl) salicylamide, has both beta and 
alpha receptor blocking ргорегіеѕ.?- !3 It has non- 
selective beta blocking actions, with competitive 
antagonism of both beta, (cardiac) and beta; (bron- 
chial and vascular) receptors with beta, receptor 
blockade somewhat more prominent than beta, bloc- 
kade.? Labetalol has partial beta, agonist activity, 
some direct vasodilative activity, and membrane 
stabilising activity and is lipid soluble and excreted 
through the kidneys (5096) after conjugation in the 
liver.? It is currently used as an antihypertensive 
agent in all grades of hypertension.!^ 16 A few studies 
have shown the effectiveness of labetalol in hyperten- 
sion and angina.5 617720 

This study was designed to assess the effects of 
labetalol in patients with angina pectoris using a 
double blind placebo controlled technique. Previous 
dose titration was carried out to determine the 
optimum dosage for each patient. In addition to the 
measurements of angina frequency and exercise 
capacity, we objectively assessed the magnitude, fre- 
quency, and duration of myocardial ischaemia during 
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each treatment phase by means of ambulatory 
electrocardiographic ST segment monitoring. 


Patients and methods 


Ten patients (eight men, two women) aged 42 to 72 
years with at least a three month history of chronic 
stable angina pectoris were studied. Eight patients 
had angiographically confirmed obstructive coronary 
artery disease and two a well documented history of 
myocardial infarction. Before the study all patients 
had been shown to develop chest pain and significant 
ST segment depression during treadmill exercise 
testing and ambulatory electrocardiographic moni- 
toring. No patients had episodes of ST segment 
elevation. All patients had previously been treated 
with beta adrenoceptor antagonists. 


STUDY PHASES 
The study was divided into two phases. 

Dose titration—Each patient was treated with 
labetalol twice daily. The total daily dose was 200 mg 
for two weeks and 400 mg for two weeks in all the 
patients and 600 mg for two weeks in six patients. 
Patients kept angina diaries and had exercise testing 
and 48 hour ambulatory electrocardiographic ST 
segment monitoring performed at the end of each two 
week treatment period. ' 

Double blind comparison—The optimum effective 
dose of labetalol for each patient was determined dur- 
ing the dose titration phase. The patients were then 
randomly allocated to treatment with this dose of 
labetalol for two weeks and placebo for two weeks in a 
double blind crossover manner. Assessment with 
angina diaries, exercise testing, ambulatory ST seg- 
ment monitoring, and blood concentrations of 
labetalol was performed at the end of each treatment 
period. ` 


ANGINA DIARIES 

A detailed record of the time and frequency of chest 
pain and activity at thé time of pain was kept 
throughout both phases of the study. 


EXERCISE TESTING 

All patients underwent incremental treadmill exercise 
testing according to the modified Bruce protocol?! at 
the end of each two week treatment period. Maximal 
symptom limited exercise tests were performed in 
which the 12 lead electrocardiogram was recorded at 
the end of each minute. Significant ST segment 
depression was defined as a depression of=1 mm in 
magnitude: occurring 0-08 s after the J point which 
persisted for at least three consecutive beats. 


Quyyumi, Wright, Mockus, Shackell, Sutton, Fox 


AMBULATORY MONITORING 

Forty eight hour ambulatory electrocardiographic 
monitoring was performed using a frequency mod- 
ulated recorder (Oxford Medilog II, frequency 
response 0-05-40 Hz). A two channel recording was 
obtained with bipolar leads CM5 and modified lead II. 
The magnetic tapes were read visually at 60 times 


: normal speed (Oxford Medilog MA20 analyser), and 


the number, duration, and magnitude of ST segment 
changes were noted. Significant ST segment depres- 
sion was defined as depression of 21mm in mag- 
nitude occurring 0-08 s after the J point and persisting 
for at least one minute. An hourly heart rate trend was 
also obtained during each monitoring period. Patients 
underwent their normal daily activities during the 48 
hour period of ambulatory monitoring in order to 
assess the effect of treatment under similar circum- 
stances. The daytime heart rate was determined at the 
beginning of the exercise tests and the mean nocturnal 
heart rate calculated from the average of the hourly 
heart rates between 2400 and 0600 obtained during 
ambulatory monitoring. 


LABETALOL ASSAY 

The serum labetalol concentration was measured at 
the end of each two week treatment period through- 
out the dose titration and double blind phases of the 
study by a high performance liquid chromatography 
assay. This was used to assess patient compliance only 
since the samples were obtained 2-18 hours after the 
last dose of the drug. 


STATISTICAL ANALYSIS 

Results are expressed as mean and standard deviation. 
Discrete data were analysed using the Wilcoxon 
signed rank test for paired observations and was 
restricted to the double blind phase of the study. 


Results 


DOSE TITRATION 

All patients were given the 200 mg/day and the 400 
mg/day doses of labetalol. Six patients did not become 
asymptomatic and were therefore given labetalol 600 
mg/day. The dose allocation for the second phase of 
the study was ascertained from the history and 
ambulatory monitoring data. 

-Heart rate and blood pressure—Table 1 shows the 
effect of increasing doses of labetalol on the resting 
heart rate, blood pressure, and rate pressure product. 
There was a dose related reduction in the resting day- 
time heart rate and in both the systolic and diastolic 
arterial blood pressure (Table 1, Figure). 

Angina frequency—Table 2 shows the frequency of 
chest pain associated with ST segment depression 
during the 48 hour ambulatory monitoring period and 
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Table 1 Effect of labetalol on the resting heart rate, blood pressure, and rate-pressure product during the dose titration and double 


blind studies. Results are mean (standard deviation) 








Heart rate (beats/min) Resting blood pressure (mm Hg) Rate-pressure product 
Daytime Nocturnal Systolic Diastolic 
Dose titration study 
Labetalol (mg) 
200 76 (12) 65 (8) 130 (17) 80 (8) 9900 (2370) 
400 70 (15) 64 (11) 119 (17) 81 (8) 8470 (2510) 
600 (n=6) 64 (12) 61 (9) 116 (12) 76 (10) 7500 (2220) 
Double blind study 
Placebo 83 (10) 69 (12) 141 (21) 94 (13) 11350 (2380) 
Labetalol 
(480 (140) mg) 69 (13)** 64 (10)* 110 (15)** 75 (10)** 7900 (1820)** 
*p<0-05, **p<0-01. 


during the last seven days of each treatment period. 
All patients continued to have angina with labetalol 
200 mg a day. Three patients became free of pain with 
400 mg/day, although two of these had episodes of 
painless ST segment depression during monitoring. 
One patient had a systolic blood pressure of 95 mm 
Hg with labetalol 400 mg/day but remained asymp- 
tomatic. Another patient was pain free with 400 mg/ 
day but had postural hypotension. Three of the six 
patients treated with 600 mg/day had no pain during 
the last seven days or during the last 48 hour monitor- 
ing period, and the other three patients had a greatly 
decreased frequency of pain. 

Exercise testing—Table 3 shows the duration of 
exercise, heart rate, and systolic blood pressure at the 
time of development of 1 mm planar or downsloping 
ST segment depression. The duration of exercise to 1 
mm ST segment depression was increased in eight of 
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Figure Hourly heart rate changes during 24 hours of 
ambulatory monitoring with labetalol during the dose titration 
and double blind phases of the study. 


the 10 patients with 400 mg/day, and the total exercise 
duration was increased in nine. With 600 mg/day 
three of the six patients showed further improvement 
in total exercise capacity and duration of exercise to 1 
mm ST depression. The other three patients exercised 
to the same workload as with the 400 mg/day dose. A 
stepwise increase in beta blockade was evident with 
increasing doses of labetalol. The mean heart rate 
after three minutes of exercise was 100 (15) beats/min 
with 200 mg/day, 95 (12) beats/min with 400 mg/day, 
and 91 (13) beats/min with 600 mg/day. Both the 
heart rate and systolic blood pressure at the onset of 
1 mm ST depression and at the end of the test tended 
to be lower with the higher doses of labetalol even 
though the workload achieved was greater (Table 3). 

Ambulatory ST segment monitoring—Table 2 shows 
the number, duration, and magnitude of episodes of 
ST segment depression. Compared with labetalol 200 
mg/day, 400 mg/day produced a reduction in the 
number and duration of episodes of ST segment 
depression in four patients. With 600 mg/day all six 
patients showed an improvement in the frequency or 
the duration of ischaemia. 

Plasma labetalol concentration—A]l patients com- 
plied with drug treatment throughout the dose titra- 
tion phase (Table 4). 


DOUBLE BLIND COMPARISON 

The optimum dose for the double blind phase of the 
study was 200 mg/day in one patient, 400 mg/day in 
four, and 600 mg/day in five (mean 480 (140) mg/day). 
One patient developed severe and frequent chest pain 
during the placebo period, which was limited to five 
days. 

Heart rate and blood pressure—The mean daytime 
resting heart rate, the mean nocturnal heart rate, and 
the mean systolic and diastolic arterial blood pressures 
were lower with labetalol than with placebo (Table 1). 
The daytime heart rate was lowered by a mean of 17% 
(p<0-01), whereas the mean nocturnal heart rate was 
reduced by 7% (p<0-05) with labetalol (Figure). 
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Table 2 Frequency, magnitude, and duration of episodes of ST segment depression during each 24 hour period of ambulatory 
monitoring and the frequency of pain during the dose titration and double blind phases of the study. Results are mean (standard 








deviation) 
- М . ^ 
ST segment depression No of painful No of episodes 
- - - episodes of ST of pain/week 
No of episodes Duration of episodes Mean maximum depression 
min) magnitude (mm) 
Dose titration study 
Labetalol (mg) 
200 43 (3-2) 67 (70) 1-8 (1-1) 1-2 (1-3) 13 (12) 
400 4:7 (3-9) 72 (65) 2-0 (1-2) 1-4 (1-4) 8 (9) 
600 (n=6) 2:3 (1.4) 36 (26) 2-3 (0-5) 0-2 (0-3) 2 (3) 
Double blind study 
Placebo 3-4 (2:6) 80 (87) 1-9 (1-3) 1-1 (1-0) 10 (9) 
Labetalol 
(480 (140) mg) 1-5 (2:2)** 22 (50)** 1-9 (1-4) (NS) 0-1 (0-3)* 5-9 (8-8)** 


*p<0-05, **p<0-01, NS, not significant. 


Angina frequency—When compared with placebo, 
labetalol at a mean dose of 480 (140) mg/day reduced 
the angina attack frequency by 41% (p<0-01). Chest 
pain was completely abolished in three patients. The 
frequency of chest pain was reduced in another five 
patients. One patient experienced the same frequency 
of pain during both the active treatment and placebo 
periods, while one patient had one more episode of 
pain with labetalol compated with placebo (Table 2). 

Exercise testing—The duration of exercise before the 
development of ST segment depression was increased 
by 44% (p<0-01) after labetalol compared with 
placebo. The total duration of exercise was increased 
by 29% (p<0-01), and all patients showed an 
improvement in exercise capacity (Table 3). 

Evidence of beta blockade was not only observed at 
rest, when the heart rate and blood pressure values 
were lower (Table 1), but was evident at each stage of 
exercise. After three minutes of exercise, mean heart 
rate had increased from 83 (10) beats/min to 95 (12) 


beats/min with placebo and from 69 (13) beats/min to 
80 (12) beats/min with labetalol. After six minutes' 
exercise, the heart rate had increased to 112 (14) 
beats/min (n—8) with placebo and 93 (13) beats/min 
with labetalol. The mean heart rate and systolic blood 
pressure at the onset of 1 mm ST segment depression 
and at the termination of exercise were significantly 
lower during labetalol treatment (Table 3) (p<0-01). 
The rate of increase in heart rate was not significantly 
different after three minutes of exercise with labetalol 
(11 (6) beats/min) compared with placebo (12 (4) 
beats/min). Nevertheless, the rate of increase in heart 
rate was significantly lower at six minutes of exercise 
in the eight patients who reached this level (increase 
of 32 (6) beats/min) with placebo and 25 (3) beats/min 
with labetalol (p<0-05)). 

Ambulatory ST segment monitoring—Treatment with 
labetalol (480 (140) mg/day) abolished all episodes of 
ST segment depression in five patients and 
significantly reduced the frequency and duration of 


Table3 Duration of exercise and haemodynamics after treadmill exercise to 1 mm ST segment depression and at the termination of 
the test during the dose titration and double blind phases of the study. Results are mean (standard deviation) 


Haemodynamics to 1 mm ST depression 


Haemodynamics at termination 








Exercise Heart rate Systolic blood Rate-pressure Exercise Heart rate Systolic blood — Rate-pressure 
duration (beats/min) pressure product duration (beats /min) pressure product 
(min) (mm Hg) (min) (mm Hg) 
Dose titration study 
Labetalol (mg) 
200 5-1 (1:7) 110(19) 149 (26) 16720 (5040) 64 (2:2) 122 Q1) 152 (28) 18820 (5900) 
400 6-5 (1-7) 110 (16) 136 (16) 15090 (3770) 8:1 (1:9) 117 (20) 138 (24) 16570 (5420) 
600 (п=6) 7-2 (1:3) 107 (15) 138 (27) 14920 (4450) 8-7 (1-5) 115 (22) 138 (36) 16380 (6325) 
Double blind study 
Placebo 5-4 (2-0) 121 (12) 166 (34) 20440 (5739) 6:8 (1-7) 131 (15) 177 (40) 23560 (7410) 
Labetalol 
(480 (140) mg) 7-8 (1-9)** 110 (15)** 133 (20)* 14810 (3590)** 8-5 (1-6)** 114 (15)** 137 (22)** 15710 (4180)** 


**p«0-01. 
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Table 4 Mean (SD) plasma labetatol concentration during the 
dose titration and double blind phases of the study 











Dose Plasma labetalol 
concentration (pgil) 
Dose titration study 
Labetalol (mg) 
200 40 (17) 
400 98 (42) 
600 (n=6) 197 (110) 
Double blind study 
Placebo 
Labetalol (480 (140) mg) 187 (167) 


both painful and painless episodes of ST segment 
depression in the other five when compared with 
placebo (p<0-01) (Table 2). The maximum magnitude 
of the episodes of ST segment depression was not 
significantly altered with labetalol, although the 
number of these episodes was lower (Table 2). 

Plasma labetalol concentrations—All patients com- 
plied with the double blind phase of the trial, and 
Table 4 shows the serum labetalol concentrations. 

Adverse effects—Five patients complained of leg 
fatigue and three intermittent claudication during 
labetalol treatment. One patient had episodes of post- 
ural hypotension with labetalol 400 mg/day and was 
therefore randomised to receive 200 mg/day. One 
patient complained of increased dyspnoea on exertion 
with 400 mg/day compared with the lower dose. One 
patient developed an increase in the frequency of 
dreams and one had difficulty in micturition with 
labetalol treatment. 


Discussion 


Although beta adrenoceptor antagonists have become 
a mainstay in the treatment of angina pectoris, these 
agents are also known to increase the peripheral vas- 
cular resistance and left ventricular end diastolic pres- 
sure, which causes increases in myocardial oxygen 
demand.* Furthermore, blockade of the vasodilative 
beta receptors on the coronary arteries would result in 
the unmasking of alpha mediated vasoconstrictor 
асцуцу* 22-24 and hence reduce coronary blood 
flow.!325 Alpha adrenoceptor blocking agents 
increase coronary blood flow and reduce coro- 
пагу!2 2426 and peripheral vascular resistance and 
cause a fall in arterial blood pressure.? Labetalol is a 
unique compound which possesses both non-selective 
beta receptor and alpha, receptor blocking properties. 
It therefore produces all the beneficial effects of pure 
alpha blockers on the coronary and peripheral vas- 
culature, but the tachycardia is blocked by beta 
receptor blockade. In isolated tissue preparation, 
labetalol is 4-8 times more potent in blocking beta 
receptors than alpha receptors.? Patients with hyper- 


tension and angina pectoris have shown improvement 
in exercise capacity at a dose of labetalol which has 
ranged from 300 to 1600 mg/day.5 6 1572? In this study 
we performed dose titration and found that the effec- 
tive antianginal action of labetalol was evident at a 
mean daily dose of 480 (140) mg/day, a dose consider- 
ably lower than that in the hypertensive group of 
patients. The reduction in daytime heart rate of the 
patients in this study was comparable to the reduction 
seen in the hypertensive patients, although the 
reduction in arterial blood pressure in our patients 
was less pronounced. It is likely, therefore, that nor- 
motensive patients with myocardial ischaemia require 
lower doses of labetalol for therapeutic effect than . 
patients who have hypertension. 

All patients in this study had a history of chronic 
stable exertional angina pectoris. None had a history 
of frequent rest pain, and no episodes of nocturnal- 
ST segment change were noted. Thus the theoretical 
benefit of coronary vasodilatation with an alpha recep- 
tor antagonist could not be established convincingly 
in this group of patients. Comparison with a pure beta 
adrenoceptor antagonist, particularly in patients with 
angina at rest, is necessary to show any increased 
benefit with a combined alpha and beta receptor 
antagonist such as labetalol. 

During exercise testing the heart rate, blood pres- 
sure, and the rate-pressure product were all lower 
with labetalol than with placebo even at the lowest 
dose of 200 mg/day. Nevertheless, a significant 
increase in the duration of exercise was noted only at a 
higher dose of 400 mg/day and a significant antiangi- 
nal effect was evident with a mean dose of 480 (140) 
mg/day of labetalol. These findings of a significant 
haemodynamic effect at relatively low doses and anti- 
anginal action at a relatively higher dose have also 
been reported in patients who have angina and hyper- 
tension. 

Although the heart rate and blood pressure at all 
stages of exercise were lower with labetalol, a reduc- 
tion in the rate of increase of heart rate was observed 
only after six minutes of exercise. The effect on arter- 
ial blood pressure at different stages of exercise is 
difficult to determine in this study since a few patients 
had a fall in blood pressure towards the later stages of 
exercise when they were receiving placebo. There was 
no significant difference between the magnitude of the 
increase in systolic blood pressure at the termination 
of the exercise test when compared with placebo, 
although the patients had exercised longer at the 
higher doses of labetalol. These results contrast with 
the findings in patients with hypertension.$ 

In this study two important aspects of the use of 
labetalol in normotensive patients with angina pec- 
toris were investigated for the first time. Firstly, the 
effective dose of labetalol was determined in each 
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individual by graded dose titration, and the optimum 
dose was then compared with placebo in a double 
blind study. Secondly, the frequency of myocardial 
ischaemic episodes was determined both subjectively 
(angina diaries) and objectively by ambulatory ST 
segment monitoring. This showed that the frequency 
and duration of both painful and painless episodes of 
reversible ST segment depression were reduced by 
labetalol at a mean dose of 480 (140) mg/day. Care was 
taken to ensure that ST segment monitoring was per- 
formed during days when the patients underwent 
their normal daily activities. Therefore, not only was 
the effectiveness of labetalol in increasing exercise 
capacity demonstrated during conventional exercise 
tests, but there was also objective evidence of 
improvement in both symptomatic and asymptomatic 
episodes of myocardial ischaemia. This study shows 
that labetalol is an effective antianginal agent in 
patients with obstructive coronary artery disease. It 
has certain theoretical advantages over conventional 
beta adrenoceptor antagonists, and the clinical rele- 
vance of these needs to be investigated in future com- 
parative studies. 


We thank the British Heart Foundation for their sup- 
port. 
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Oral labetalol in the management of stable angina 
pectoris in normotensive patients 


JAMES W UPWARD, FAWAZ AKHRAS, GRAHAM JACKSON 
From the Department of Cardiology, King's College Hospital, and Lewisham Hospital, London 


SUMMARY The efficacy of labetalol, an alpha and beta receptor antagonist, was evaluated in 12 
normotensive patients with stable angina pectoris in a single blind dose ranging study. After a two 
week period of placebo treatment, labetalol was given in doses of 100, 150, 200, and 300 mg twice 
daily, each for two weeks. Frequency of angina attacks decreased from 9-4 (SEM 2-3)/week in the 
control period to 7:3 (2-8), 5-2 (2-6), 3-8 (1-8), and 3-3 (1-9)/week in the four successive treatment 
periods. In the same periods the number of glyceryl trinitrate tablets consumed decreased from 7-0 
(2- 6)/week to 5-8 (3-3), 3-9. (2. 9), 2-7 (1-8), and 2-6 (2-1)/week. Maximal symptom limited treadmill 
exercise tests were performed three and 12 hours after dosage at each dose. Exercise tolerance 
(expressed as seconds of the Bruce protocol) increased from 266 (44) with placebo to 306 (44), 369 
(50), 396 (48), and 413 (51) in the four treatment periods. This improvement was accompanied by a 
significant blunting of the heart rate and blood presssure responses to exercise. Trough point 
exercise tolerance did not differ significantly from that at three hours after dosage. 

Thus labetalol is effective as an antianginal agent at doses of 150—300 mg twice daily and is well 
tolerated by the normotensive patient with angina. 


The value of beta receptor antagonists in the man- апа angina amelioration of anginal symptoms has 
agement of patients with stable angina pectoris is well been described.? 
established.!? The benefits of beta blockade are, The object of this study was to assess the effects of 
however, achieved at the expense of a decrease in car- labetalol in normotensive patients with stable angina 
diac output and an increase in peripheral vascular pectoris, with reference to the control of anginal 
resistance? These haemodynamic effects may be symptoms and effect on exercise tolerance. 
important in the aetiology of the not infrequent side 
effects of beta blockade: cold hands and feet and Patients and methods 
fatigue. Labetalol is an agent which possesses both 
alpha and beta adrenoceptor antagonist properties. Thirteen patients (10 men and three women, mean 
Short term studies have shown a reduction in аре 59 (range 41—66) years) participated in the study. 
peripheral vascular resistance after its intravenous All had had clinically stable exercise induced angina 
administration?5 and, compared with propranolol, pectoris for three months or longer. Table 1 summar- 
less impairment of left ventricular haemodynamic ises the patients’ details. No patient had valvar heart 
performance.? In addition, in contrast to propranolol, disease, cardiac failure, obstructive airways disease, 
labetalol produces a reduction in coronary vascular hypertension (resting diastolic blood pressure > 100 
resistance.5 mm Hg), diabetes, or renal or thyroid disease. All 
Labetalol's main role has been in the treatment of patients were limited on treadmill exercise testing by 
hypertension,$-5 and іп a preliminary report of angina pectoris accompanied by horizontal or down- 
labetalol treatment in patients with both hypertension sloping depression of the ST segment of 21.0 mm, 
persisting to 80 ms beyond the J point. Eleven 
patients had angiographically confirmed coronary dis- 
Requests for reprints to Dr С Jackson, Department of Cardiology, ^ ease, defined as >70% stenosis of at least one major 
Range College Hospibil, London spo "RS; vessel. The remaining two patients, who declined 
Accepted for publication 11 September 1984 angiography, had typical angina and ST depression of 
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Case No Age (yr)isex Exercise limited by Coronary arteriogram findings* 
1 58/M Angina 3 Vessel disease 
2 SyF Angina 2 Vessel disease 
3 66/M Angina 2 Vessel disease 
4 61/Е Апрїпа 2 Vessel disease 
5 63/M Angina Not done 
6 62/M Angina 2 Vessel disease 
7 64/M Angina Single vessel disease 
8 64/M Angina : 2 Vessel disease 
9 60/M Angina 3 Vessel disease 
10 41/F Angina 3 Vessel disease 
ll 54/M Angina 2 Vessel disease 
12 64/M Angina 2 Vessel disease 
13 55/M Angina Not done 


*Coronary artery disease (7096 stenosis of the vessel lumen). 


23 mm at peak exercise. Patients were entered into 
the study after informed written consent had been 
obtained. 


DRUG DOSAGE AND ADMINISTRATION 

The study was divided into five two week periods. 
After a single blind placebo control period, labetalol 
was given in twice daily doses for the following eight 
weeks. The labetalol dosage was increased at two 
weekly intervals. The total daily labetalol dosage for 
the four treatment periods was 200 mg, 300 mg, 400 
mg, and 600 mg. 


ANTI-ANGINAL ASSESSMENT 

Patients kept diaries to record the frequency of angina 
attacks and glyceryl trinitrate consumption. At each 
visit supine and standing blood pressures were meas- 
ured using a standard sphygmomanometer. Patients 
were asked if they had experienced any side effects 
but were not questioned about specific symptoms. 


EXERCISE TESTING 

Maximal symptom limited treadmill exercise tests 
were performed using the Bruce protocol before entry 
into the study and in the second week of the placebo 
period and each treatment period. In each of the two 
week periods exercise tests were performed three 
hours and 12 hours after dosage on separate days. The 
treadmill, the recording equipment, and the record- 
ing methods have been described previously.!° 


STATISTICAL METHODS 

To assess drug efficacy, the frequency of angina 
attacks and glyceryl trinitrate consumption in the con- 
trol period were compared with those during treat- 
ment with labetalol. Exercise tolerance during treat- 
ment was compared with that with the second placebo 
to minimise any learning or training effect. Two way 
analysis of variance!! was done to test the null 
hypothesis. Where differences were detected at at 
least the 596 level, the Newman-Keuls test!? was used 


to compare the different treatments. Results are 
expressed as mean (SEM) unless stated otherwise. 


Results 


Full data were obtained in 10 patients. One patient 
required a reduction in dosage because of mild heart 
failure. Two patients were withdrawn from the study, 
one because of *scalp tingling" while taking labetalol 
and one because of progressive worsening of his 
angina while taking placebo. 


ANGINA ATTACK FREQUENCY 

The frequency of angina attacks decreased in all of the 
10 patients who completed the study (Fig. 1). The 
reduction, compared with the placebo period, was 
significant with total daily labetalol doses of 300 mg, 
400 mg, and 600 mg (p<0-01 for each of these). With 
400 mg daily and 600 mg daily, patients had 
significantly less angina than with 200 mg daily 
(p« 0-05 and p« 0-01 respectively). With between 300 
mg and 600 mg daily, there was a further minor 
reduction in the frequency of angina attacks, but this 
was not statistically significant. 


GLYCERYL TRINITRATE CONSUMPTION 

The reduction in nitrate consumption paralleled the 
reduction in angina attack frequency (Fig. 1). There 
was a significant reduction in nitrate tablet consump- 
tion with labetalol 300 mg daily (р<0.05) and also 
with 400 mg daily (p<0-01) and 600 mg daily 
(p«0-01) compared with placebo. With 400 mg and 
600 mg daily, fewer glyceryl trinitrate tablets were 
taken than with 200 mg daily (p<0-05). The further 
reduction on increasing the total daily labetalol dose 
from 300 mg to 600 mg was not significant. 


EXERCISE TOLERANCE 

Fig. 2 and Table 2 show exercise tolerance three hours 
after drug administration (expressed as seconds of the 
Bruce protocol). Exercise time with placebo was the 
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Fig. 1 Relation of frequency of anginal attacks and glyceryl 
trinitrate consumption to doses of labetalol. 

same as that before entry without treatment. With 
labetalol 200 mg daily, exercise time was not 
significantly greater than with placebo. With labetalol 
300 mg, 400 mg, and 600 mg daily, exercise tolerance 
was greater than with placebo (in each case p<0-01), 
and also greater than with labetalol 200 mg daily 
(p<0-05, p<0-01, and p<0-01 respectively). The 
exercise time with labetalol 600 mg daily (413 (50-6) s) 
was 55% greater than with placebo but was not 
significantly greater than with labetalol 300 mg daily. 
Exercise tolerance three hours after dosage was not 
‘significantly different from that 12 hours after dosage. 


55 
500 


400 


300 


Exercise time (s) 


100 





200 
Labetalo! dose (mg/day) 


Placebo 300 400 600 


Fig.2 Relation of exercise tolerance to labetalol dosage. 
*p<0-01 vs placebo. 


BLOOD PRESSURE AND HEART RATE (TABLE 2) 

The resting systolic blood pressure was significantly 
reduced by labetalol in a total daily dose of 200 mg 
(p«0-01). With 300 and 400 mg of labetalol daily, the 
resting systolic blood pressure was significantly Jower 
than with placebo (p<0-01 at both dosages) but not 
lower than with 200 mg daily. With labetalol 600 mg 
daily the resting systolic pressure was significantly 
lower than with placebo (p« 0-01) and also lower than 
with all the other dosages of labetalol (p« 0-05). The 


Table 2 Rest and exercise data 





Placebo periods Labetalol dose (mg/day) 
Control Ist 2nd 200 300 400 600 
: Exercise data 
Heart rate at peak exercise x 
(beats/min) 134 (8-3) 130 (7-1) 129 (7-0) 115 (4-9) 119 (6-1) 119 (4-7) 117 (5:2) 


Peak exercise rate-presssure 
product (mm Hg шїп!) 

Heart rate at workload 
achieved in second 
placebo exercise test 


23078 (2185) 


22769 (2-74) 23943 (1712) 


18654 (1270)* 18661 (1329)** 17809 (869)** 16790 (838)** 


(beats/min) 129 (6-9) 113 (5-0)** 113 (5-4)** 109 (5-1)** 110 (4-2)** 
Exercise tolerance (seconds 

of Bruce protocol) 238 (40-2) 251(366) 266 (43-9) 306 (43-8) 369 (49-3)**  396(47.7** 413 (50-6)** 
Maximum ST depression 

at peak exercise (mm) 2-0 (0-3) 1-6 (0-2) 1-6 (0-4) 1-8 (0:2) 1:7 (0:2) 

Data at rest 

Heart rate (beats/min) 77 (2:4) 73 (2-6) 75 (2:8) 69 (3-6) 68 (2-5) 66 (1-5)* 71 (2:1) 
Blood pressure (mm Hg) 

Systolic 154 (7-1) 153 (7-6) 152 (7-4) 139 (7-3)** 131 (6-2)** 133 (6.7)** 121 (6-1)** 

Diastolic 91 (2-6) 87 (3-6) 86 (2-9) 80 (4-2)* 79 (2-7* 76 (3-5)** 75 (2-4)** 


*р<0:05; **p<0-01 (significance of difference from placebo). 
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resting diastolic blood pressure was significantly lower 
with labetalol than with placebo, but there was not a 
significant difference in resting diastolic pressure 
between the different labetalol dosages. 

There was a trend towards a reduction in resting 
heart rate which became significant at the 5% level 
with labetalol 400 mg daily. With 600 mg daily the 
resting heart rate was not significantly different from 
that with placebo. 

The heart rate at peak exercise with labetalol was 
not significantly different from that with placebo. 
With labetalol, however, significantly higher work- 
loads were achieved: When the heart rate at peak 
exercise with placebo was compared with that at the 
same workload with labetalol, a significant reduction 
was seen at all dosages (p<0-01 at each labetalol dos- 
age). 

The rate-pressure product at peak exercise was 
significantly reduced with all of the labetalol dosages 
(Table 2). The degree of reduction with 600 mg daily 
was not significantly different from that with 200 mg 
daily. 


DEGREE OF ST SEGMENT CHANGE 

Table 2 shows the maximum ST segment change seen 
on the 12 lead electrocardiogram at peak exercise at 
each dosage. There was a trend towards a reduction in 
the degree of ST segment depression, but this did not 
reach statistical significance. 


EFFECT OF POSTURE ON SYSTOLIC BLOOD 
PRESSURE 

Three hours after dosage with the highest labetalol 
dose there was a postural fall in systolic blood pres- 
sure in seven out of the 10 patients. The greatest fall 
was from 125 to 105 mm Hg. In the others the fall in 
systolic blood pressure ranged from 5 to 10 mm Hg. 
None of the patients had symptoms referable to pos- 
tural hypotension. 


SIDE EFFECTS AND WITHDRAWALS 

One patient (case 3) was withdrawn after three days of 
treatment because of scalp tingling. One patient (case 
6) developed dyspnoea on exertion while taking 
labetalol 200 mg daily. He did not have clinical signs 
of heart failure, but chest x ray films showed pulmo- 
nary venous congestion which was not previously 
present. Dosage reduction to 100 mg daily and the 
addition of a thiazide diuretic resulted in a pro- 
nounced symptomatic improvement. With placebo 
treatment he had experienced 14 attacks of angina a 
week and had consumed four glyceryl trinitrate tab- 
lets a week. With his final labetalol dosage he experi- 
enced only one attack of angina in a six week period. 
His exercise tolerance increased from 160 s in the 
control period to 221 s with his final dosage regimen, 
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and his symptomatic improvement was maintained 
over a six month follow up period. 

One patient (case 8) experienced progressive 
worsening of his angina while taking placebo and was 
withdrawn from the study before receiving labetalol. 
No patients complained of fatigue or cold extremities 
and none had symptoms referrable to postural 
hypotension. 


Discussion 


Labetalol is an agent with combined alpha and beta 
adrenoceptor antagonist properties. It has a competi- 
tive antagonist action at both alpha and beta recep- 
tors,* and its beta blocking action is non-selective.4 
The intravenous administration of labetalol results in 
а fall in blood pressure and has a variable but gener- 
ally minor effect on heart rate.4 5? ? Peripheral vascu- 
lar resistance has been shown to fall after its adminis- 
trationj?7 as has coronary vascular resistance.’ 
Because of its haemodynamic effects its main role has 
been in the management of hypertension. In this con- 
text it has been shown to be effective, when given 
orally or intravenously,5-? and safe, even in the set- 
ting of acute myocardial infarction.’ 

The value of beta blockade in the management of 
angina pectoris is well established.! 2 Pure beta block-- 
ade results in a reduction in resting heart rate and 
blood pressure and a blunting of the heart rate and 
blood pressure responses to exercise.! ? These actions 
result in a decreased myocardial oxygen requirement 
and are of benefit to the angina sufferer.!? The ben- 
efits of beta blockade are, however, achieved at the 
expense of a decrease in cardiac output and a variable 
increase in peripheral vascular resistance? !4; these 
actions may be of importance in the production of the 
not infrequent side effects of fatigue and cold 
extremities. 

Pure alpha blockade may be disadvantageous to 
patients with angina. Administration of the alpha 
receptor antagonist phentolamine results in a fall in 
peripheral vascular resistance and a fall in blood pres- 
sure!5 but any potential benefit, in terms of reduced 
myocardial oxygen requirement, is offset by the 
accompanying reflex tachycardia.!5!5 In some 
patients phentolamine may actually precipitate angina 
attacks.!^ Selective alpha, receptor blockade with 
prazosin has less tendency to produce reflex tachycar- 
dia, but exacerbation of anginal symptoms has also 
been described with the use of this agent.!6 

Alpha blockade alone clearly has disadvantages. 
There is some evidence, however, that the combina- 
tion of alpha and beta blockade may be more effective 
than beta blockade alone іп the treatment of angina.!7 
In comparison with beta blockade alone the combina- 
tion may provide additional benefit in terms of patient 
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tolerance, since there is less depression of left ven- 
tricular function and less effect on peripheral vascular 
resistance than beta blockade.? 

Labetalol is the only agent currently available that 
has combined alpha and beta adrenoceptor antagonist 
properties. It has been shown to ameliorate anginal 
symptoms in hypertensive patients with angina, but 
its effects in normotensive patients have not been pre- 
viously evaluated in a controlled way. In this study, 
all the patients who received labetalol experienced an 
improvement in their anginal symptoms and an 
increase in their exercise capacity. These beneficial 
effects were statistically significant with the labetalol 
dose of 150 mg given twice daily. There was a trend 
towards further improvement with the administration 
of 200 mg and 300 mg twice daily, but compared with 
150 mg twice daily this was not significant. 

Labetalol caused a reduction in resting blood pres- 
sure and a minor reduction in resting heart rate. The 
latter effect was less than would be expected with 
agents such as propranolol or atenolol! ? and probably 
reflects the balance between the depressant effect of 
beta blockade on the sinus node and the tendency to 
reflex tachycardia in response to the alpha blockade 
mediated vasodilatation. The depression of resting 
heart rate was significant with 200 mg of labetalol 
twice daily but not with 300 mg twice daily. This 
probably reflects a response to the greater blood pres- 
sure lowering effect of the higher dosage. 

Labetalol treatment was generally well tolerated; 
only one patient had to be withdrawn from the study 
in the active treatment period. This patient had the 
uncommon but well documented side effect of scalp 
tingling.!5 In view of labetalol’s alpha blocking 
action, evidence of postural hypotension was sought; 
the greatest postural fall in systolic pressure was 20 
mm Hg. No patient had symptoms that could be 
attributed to postural hypertension, and for the group 
as a whole the lying and standing systolic pressures 
were not significantly different. 

In conclusion, labetalol is an effective antianginal 
agent that is well tolerated by normotensive patients 
and can be given in twice daily doses. Significant ben- 
efit was observed at a dose of 150 mg twice daily, and 
only minor improvement was achieved by further 
increases in dosage. One patient developed mild heart 
failure with the lowest dose, and.it would seem pru- 
dent therefore to start treatment with 100 mg of 
labetalol twice daily and to titrate the dosage to suit 
the individual patient's needs. Labetalol has promise 
in the treatment of angina, as it may have advantages 
over beta blockade alone and merits further study. 


We thank Glaxo Pharmaceuticals for financial sup- 
port. 
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Transposition of the great arteries and narrowing of the 
aortic arch 


Emphasis on right ventricular characteristics 


RUDOLF J MOENE,* JAAP OTTENKAMP,+ ARENTJE OPPENHEIMER-DEKKER,+ 
MARGOT M BARTELINGS#+ 


From the tDepartment of Paediatric Cardiology, State University of Leiden and *Free University Hospital, 
Amsterdam; and the {Department of Anatomy and Embryology, State University of Leiden, Leiden, the Netherlands 


suMMARY Of 279 patients with transposition of the great arteries, 14(5%) had narrowing of the 
aorta, including local coarctation (6), isthmus hypoplasia (6), isthmus atresia (1), and kinking of the 
aorta (1). There were six deaths in 10 surgically treated patients; in addition four patients died 
before operation. Two of the four survivors had a subpulmonary malalignment ventricular septal 
defect with angiocardiographic narrowing of the right ventricular outflow tract; two had evidence of 
redundant muscle tissue obstructing the right ventricular outflow tract. Necropsy showed the 
presence of anatomical right ventricular outflow tract or inflow tract obstruction or both in all 10 
cases. Outflow tract obstruction was represented by anterior displacement of the infundibular 
septum and ventriculoinfundibular fold (in hearts with a subpulmonary malalignment ventricular 
septal defect) or by redundant muscle tissue; inflow tract obstruction was represented by hypoplasia 
of the tricuspid valve. А 

It is concluded that the combination of transposition of the great arteries and narrowing of the 
aorta is always accompanied by right ventricular outflow or inflow tract obstruction or both; the 
right ventricular abnormalities are probably responsible for the presence of the aortic arch anomalies 
by reducing aortic flow during morphogenesis. Successful surgical treatment of this complex ano- 
maly is feasible in selected cases. 


About one half of all cases of transposition are “sim- ventricular characteristics in patients with transposi- 

ple," the second half being complicated by other tion of the great arteries and obstruction of the aortic 

anomalies.! The two commonest associated abnor- arch. 

malities in transposition are ventricular septal defect 

and left ventricular outflow tract obstruction, occur- Patients and methods 

ring separately or together. The incidence of a com- 

plicating obstruction of the aortic arch has been esti- Two hundred and seventy nine patients with com- 

mated to range between 446% and 10%.?3 More plete transposition of the great arteries were referred 

recently, complete transposition of the great arteries то the Leiden University Hospital between 1960 and 

with ventricular septal defect and coarctation or 1982. Fourteen (596) of these patients proved to have 

atresia of the aortic arch has been described as a sepa- а complicating aortic arch obstruction. Four patients 

rate anatomicoclinical entity which includes inlet or died before operation and six died after a Senning 

outlet right ventricular obstruction.^ procedure, a Hanlon operation, banding of the pul- 
The present study was carried out to define right Inonary artery, coarctation resection, or a combina- 

tion of these procedures. With one exception, the 

Requests for reprints to Dr Rudolf J Moene, Department of patients died before 1975; the four survivors were 

Paediatric Cardiology, Free University Hospital, De Boelelaan 1117, operated on more recently. 

1081 HV Amsterdam, The Netherlands. The angiograms and heart specimens were studied 
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Table 1 Clinical data of patients who underwent successful surgery 
Case No Aorne arch Right venmcle Venmcular Surgical intervennons 
anomaly septal defect 
Outflow tract Inflow tract 
1 COA Anterior displacement of IS — Subpulmonary Blalock-Hanlon and banding (aged 1 
and promunent VIF malalignment mnth), repair of coarctation (aged 12 
yrs), debanding; VSD closed; arterial 
switch (aged 12%; yrs), closure of residual 
VSD (aged 12%; yrs) 
2 TH Anterior displacement of IS — Subpulmonary VSD closed; arterial switch (aged 3 mnths 
and prominent VIF malalignment 
3 TH Prominent VIF Е — Senning operation (aged 6 mnths 
4 Kinking Prominent IS and VIF — — Mustard operation (aged | yr) 





COA, coarctation of the aorta; IS, infundibular septum; TH, tubular isthmus hypoplasia; VIF, ventriculoinfundibular fold; VSD, ventricular 


septal defect 


ventricle; angiograms of patients with transposition 
but without aortic arch anomalies and 15 normal heart 
specimens from subjects of different ages served as 
controls. The ventricular septal defects were classified 
according to Soto et al^; in addition we used the term 
"subpulmonary malalignment" for defects with 
rightwards shifting of the infundibular septum and 
overriding of the pulmonary artery. The right ven- 
tricular muscular structures were described according 
to the terminology proposed by Anderson et al. 

Tubular hypoplasia of the aortic isthmus was 
defined as a combination of abnormally great length 
and small diameter of that segment according to the 
criteria given by Moulaert et al.’ 

Using Hegar dilators, the tricuspid valve annulus 
was measured in relation to the mitral valve annulus. 
The tricuspid valve was considered to be hypoplastic 
if its diameter was <0-8 of that of the mitral valve.* 
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Fig. 1 (a) Lateral angiocardiogram in neonate (case 2) with 
transposition of great arteries, subpulmonary malalignment 
venmcular septal defect, isthmus hypoplasia, and mild subaortic 
narrowing. (b) Schematic drawing of the angiocardiogram. AA, 
ascending aorta; LV, left ventricle; RV, nght ventricle; PA, 
pulmonary artery; VSD, ventricular septal defect; 1, isthmus 
hypoplasia; 2, mild subaortic narrowing; 3, infundtbular 
septum. 


Results 


SURVIVORS 
Four patients were alive and well six months to five 
years after operation (Table 1). In two of these 
patients (cases ] and 2) a subpulmonary malalignment 
ventricular septum defect was closed, and the other 
two had an intact ventricular septum. The subpulmo- 
nary malalignment defects were angiocardiographi- 
cally characterised by overriding of the pulmonary 
artery; in addition, right ventriculography showed 
muscular subaortic stenosis caused by an anteriorly 
displaced infundibular septum and prominence of the 
ventriculoinfundibular fold (Figs. 1 and 2). 

The angiocardiogram of the patient with kinking of 
the aorta and an intact ventricular septum (case 4) 





Fig. 2 Lateral right veniriculogram in neonate (case 1) with 
transposition of great arteries, subpulmonary ventricular septal 
defect, and local coarctation (not visible in this frame). Note 
subaortic stenosis (arrow) and relatively anterior position of wide 
pulmonary artery. 
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Fig3 (a) Lateral right ventriculogram in a 1 year old child (case 4) with transposition of the great arteries and kinking of the aorta. 


Note the prominence of the infundibular septum (asterisk); frame taken during ventricular diastole. (b) Left oblique view in the same 
patient; frame taken during ventricular systole. Note the subaortic stenosis (arrow) caused by infundibular septum and 


ventnculoinfundibular fold. 


showed prominence of the infundibular septum in the 
lateral view (Fig. 3a) and of the ventriculoinfundibu- 
lar fold in the left oblique view (Fig. 3b). Another 
example of prominence of the ventriculoinfundibular 
fold is shown in Fig. 4. Regarding the aortic arch of 
the survivors, one local coarctation has been resected, 
one hypoplastic isthmus has grown to normal dimen- 
sions, and two of the patients await an eventual opera- 
tion. 


NON-SURVIVORS 

Ten patients died before or after operation ( Table 2). 
Six of the necropsy specimens showed a subpulmo- 
nary ventricular septal defect (cases 5-10). This type 
of defect is; as has been described before,’ character- 
ised by anterior displacement of the infundibular sep- 
tum and prominence of the ventriculoinfundibular 
fold; this results in a reduction in distance between 
these structures and the anterior right ventricular wall 
and thus in narrowing of the outflow tract (Fig. 5). 
This close relation between (type of) ventricular septal 
defect and outflow tract narrowing was absent in the 
other four specimens, of which one showed a 
perimembranous trabecular defect, one a very small 


muscular inlet defect, and two an intact septum. In 
these four cases either redundant muscle tissue obs- 
tructed the outflow tract (three hearts) or the inflow 
tract was obstructed by a hypoplastic tricuspid valve 
or both. Two cases (cases 13 and 10) of hypoplastic 
tricuspid valves and redundant outflow tract muscle 
tissue (a prominent ventriculoinfundibular fold and a 
trabecula in front of the aortic ostium) are shown in 
Figs. 6 and 7. 

Valid catheterisation data were available for eight 
patients. In only one of these patients a pressure gra- 
dient (of 30 mmHg) was present across the right ven- 
tricular outflow tract. 


Discussion 


The findings in this study show that in all cases of 
transposition of the great arteries and narrowing of 
the aorta, anatomical right ventricular outflow or 
inflow tract obstruction or both are present. Milanesi 
et al came to the same conclusion,* and we agree with 
these authors that unequal partitioning of the blood 
flow as a consequence of right ventricular obstruction 
may be the fetal pathogenetic mechanism for the 
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4 "m 
Fig.4 Right ventriculogram in 8 month old child (case 12) 
voith transposition of the great arteries and local coarctation, 
which is hidden behind the ascending aorta in this frontal view. 
Note the subaortic narrowing by undue prominence of the 
ventriculoinfundibular fold (arrow). 


underdevelopment of the aortic arch, as postulated for 
left ventricular outflow tract obstruction in normally 
related great arteries.'°'' Eight out of 14 patients 
proved to have a subpulmonary malalignment ven- 
tricular septal defect with anterior and rightward dis- 
placement of the infundibular septum. A rightward 


Table 2 Anatomical features of cases examined at necropsy 





Fig. 5 Morphological appearance of the right ventricle in a 
patient (case S) with subpulmonary ventricular septal defect 
(arrow). Anterior displacement of the infundibular septum (IS) 
and prominence of the ventriculoinfundibular fold (VIF) narrow 
the outflow tract (curved arrow). AW, antenor wall of the nght 
ventricle. 


shift of the infundibular septum is also an essential 
feature of double outlet right ventricle with subpul- 
monary ventricular septal defect; the difference bet- 
ween transposition and double outlet right ventricle is 
evident by the degree of rightward shifting of the 
infundibular septum and thus by the degree of pul- 
monary artery overriding. Since the frequent con- 
currence of double outlet right ventricle and aortic 
arch anomalies has been established before (Kurosawa 
H, van Mierop LHS. World Congress of Paediatric 
Cardiology, London, 1980, abstract No 339),'2 '* we 
selected for the present study cases of transposition 
according to the 50% rule—that is, in our cases the 
pulmonary artery was mainly committed to the left 
ventricle. 


VSD 








Case No Age Aortic arch Right ventricle 
anomaly 
Outflow tract 
5 5 mnth TH Anterior displacement of IS and VIF 
6 4 mnth TH Anterior displacement of IS and VIF 
7 2 wk TH Anterior displacement of IS and VIF 
8 1% yr COA Anterior displacement of IS and VIF 
9 ] mnth COA Anterior displacement of IS and VIF 
10 ] mnth COA Anterior displacement of IS and VIF 
11 ] mnth COA — 
12 8 mnth COA Prominent VIF 
13 2 mnth TH Trabecula ventral to aortic ostium 
14 3 mnth Isthmus Prominent IS and VIF 
atresia 


Inflow tract 





Subpulmonary malalignment 
Subpulmonary malalignment 
Subpulmonary malalignment 
Subpulmonary malalignment 
— Subpulmonary malalignment 
Hypoplastic TV — Subpulmonary malalignment 
Hypoplastic TV — 


Hypo TV — Small muscular inlet 
and right 
ventricle 


Hypoplastic ТУ Perimembranous trabecula 


COA, coarctation of the aorta; TH, tabular isthmus hypoplasia; IS, infundibular septum; VIF, ventriculoinfundibular fold; VSD, ventricular 


septal defect; TV, tricuspid valve. 


62 





Fig. 6 Morphological specimen in case 13 showing narrowing 
of the right ventricular outflow tract ( arrow) by an aberrant 
hypertrophic muscle bundle (B) in front of the aortic ostium. Note 
the hypoplasia of the tricuspid valve. 


In a previous anatomical study we found aortic arch 
anomalies in 35% of hearts with transposition of the 
great arteries and right ventricular outflow tract obs- 
truction.” It should be noted that the diagnosis of 
right ventricular outflow tract obstruction is an esti- 
mation, and in that as well as in the present study it 
means an obstruction relative to normal. In this 
respect it is important to realise that in only a few 
patients with an obvious, angiocardiographically 
demonstrated, narrow subaortic area may a pressure 
gradient be recorded across it." !5 Nevertheless, а 
poorly expanded or relatively narrow subaortic conus 
should be viewed as potentially obstructive according 
to Freedom et al. '* In our view more studies of the 
relation between anatomical right ventricular obstruc- 
tions and catheterisation data are needed to establish 
the functional implications and natural history of 
these anomalies. 

Milanesi et al suggest that the combination of 
transposition of the great arteries and coarctation of 
the aorta is not so rare and that the clinical manifesta- 
tions and the pathological findings of this association 
are sufficiently distinctive as to be considered a sepa- 
rate nosographic entity among transposition of the 
great arteries.* According to these authors, the entity 
should include the following morphological features: 
(a) a ventricular septal defect, mostly subpulmonary; 
(b) underdevelopment of the right ventricular 
trabecular component; and (c) right ventricular 
outflow or inflow obstruction. 

Our study confirms the presence of angiocardiog- 
raphic or anatomical outflow or inflow obstruction or 
both in all cases. Nevertheless, underdevelopment ef 
the right ventricle was diagnosed only once as a sepa- 
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Fig. 7 Morphological appearance of the right ventricle in a 
patient (case 10) with subpulmonary ventricular septal defect 
(arrow). (a) A displaced infundibular septum (curved arrow) 
narrows the outflow tract (open arrow). A cut aberrant muscle 
bundle (B) crosses the right ventricular cavity. The hypoplasnc 
tricuspid valve is connected with an abnormal, thick parietal 
papillary muscle group (P). In this view the ventricle is opened 
with an incision along the ventricular septum. (b) The same right 
ventricle opened by a more parietal incision showing the outflow 
tract (open arrow), which is narrowed by a displaced 
infundibular septum (asterisk) and a very prominent 
ventriculoinfundibular fold (VIF). Note the abnormal thick 
papillary muscles (P). 


rate feature; in all other cases the trabecular part was 
not hypoplastic, although in some cases outflow tract 
obstructing muscle bundles protruded into the 
trabecular part as well, thus reducing the trabecular 
lumen. 

Another difference between our findings and those 
of Milanesi et al applies to the obligatory presence of a 
ventricular septal defect in their cases; in our patients 
four (28%) proved to have an intact ventricular sep- 
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tum. Since, in addition, the type of aortic arch ano- 
maly may differ (from atresia via tubular hypoplasia 
and local coarctation to kinking of the aorta) we con- 
clude that the variety of these findings does not justify 
the definition of a nosographic entity. 

This conclusion implies that a general prognosis 
cannot be given for the group as a whole and that the 
surgical results depend on the presence or absence of 
an intact ventricular septum and the type and degree 
of aortic arch anomaly. In this respect it is important 
to realise that, although most cases had distinct nar- 
rowing of the aorta, in other cases the narrowing may 
be mild; this was the case in some patients with tubu- 
lar hypoplasia of the isthmus, in one of which the 
isthmus grew spontaneously to normal dimensions. 

The hospital mortality has been high in the earlier 
years of our experience; recent results support the 
feasibility of successful surgical treatment. In this 
context, however, the maintained systemic right ven- 
tricular blood pressure may trigger hypertrophy, 
eventually resulting in progression of the outflow obs- 
truction; as we indicated before’ this progression 
might be prevented by performing an arterial switch 
procedure with resulting normalisation of right ven- 
tricular pressure. 

Indications for surgical treatment of right ventricu- 
lar outflow and inflow tract obstruction should be 
based on the results of functional and natural history 
studies, which have not been performed as yet. 


This study was supported in part by The Netherlands 
Heart Foundation, The Hague, The Netherlands. 
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Treatment of tachycardias associated with the 
Wolff-Parkinson- White syndrome by transvenous 
electrical ablation of accessory pathways 


DAVID E WARD,* A JOHN CAMM+ 


From the *Cardiology Department, St George's Hospital, and the Department of Cardiovascular Medicine, 


St Bartholomew’s Hospital, London 


SUMMARY Three patients with tachycardias associated with the Wolff-Parkinson-White syndrome 
had failed to respond to antiarrhythmic drugs and underwent transvenous ablation of accessory 
pathways. Intracardiac studies located the site of accessory pathway to the septum in two patients 
and mid-posterobasal left atrioventricular junction in one. Ablation was performed by positioning an 
electrode lead as close as possible to the accessory tract and delivering shocks of 50 to 100J using a 
conventional defibrillator. In all patients the accessory pathway was abolished after the first three 
shocks. In two patients followed for four and nine months there was no recurrence of tachycardia or 


pre-excitation. The other patient developed pre- 


excitation again three weeks later and repeat abla- 


tion was performed. This patient has been followed for six months with no evidence of a recurrence 


of pre-excitation. 


This method may provide a valuable alternative to pacemaker and surgical treatment in selected 
patients with drug resistant arrhythmias associated with accessory atrioventricular connexions. 


Transvenous pacing and ablation techniques! 2 аге 
emerging as important alternatives to drug and surgi- 
cal treatment for the control of recurrent tachycar- 
dias. Pacemakers are usually considered in patients 
who have failed to respond to drugs or cannot tolerate 
them for various reasons. There are, however, some 
situations where pacemaker treatment is not appro- 
priate or the patient is unwilling to consider implanta- 
tion of a device. Until recently, ablation could be per- 
formed only by surgical intervention.? Transvenous 
ablation of atrioventricular nodal pathways has been 
successfully used to control a variety of atrial and 
junctional arrhythmias by several investigators*- $ and 
it is likely that this technique will supplant surgical 
ablation of atrioventricular pathways. Fisher and col- 
leagues have modified this technique to ablate acces- 
sory pathways in patients with the tachycardias 
associated with the Wolff-Parkinson-White syn- 
drome.’ In this report we describe a similar method 
which was successfully used in three patients with this 
syndrome. 
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Patients and methods 


The three patients were referred for investigation and 
treatment of tachycardias associated with the Wolff- 
Parkinson-White syndrome. The Table summarises 
the clinical details. Transvenous ablation was consi- 
dered because drugs had either failed or produced 
intolerable side effects. 


ELECTROPHYSIOLOGICAL STUDIES 

Standard electrophysiological techniques were used as 
described previously. Bipolar or multipolar elec- 
trodes with 1 cm interelectrode distances were used 
for stimulation and recording. The clinical arrhyth- 
mia was initiated in each patient. In two patients 
(cases 2 and 3) mapping of the atrial activation sequ- 
ence was performed during atrioventricular re-entrant 
tachycardia. In both cases, earliest atrial activation 
was found in the coronary sinus region indicating a 
left direct atrioventricular connexion.? In the patient 
in case 2 the pathway was localised to the mid- 
coronary sinus and that in case 3 to the septal region. 
In the patient in case 1, the accessory pathway con- 
ducted only anterogradely and localisation was 
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Table Clinical details and results 
Case Аре (ут)! ECG pattern Symptoms - Drugs Side effects Details of Peak CPK Follow up 
No · sex shocks activity 
1 33M WPW туре А Palpitation Disopyramide Ineffective 50, 80, 80,100 J 260ТОЛ 3 Weeks 
Syncope Flecainide Rash S0, 80x5 J (at 304 IUA 6 Months 
В Amiodarone Did not want drug second attempt) (MB 29, 16) 
m 26M WPW туре А Palpitation Disopyramide Ineffective — ' 50, 80, 80, 100x3 J 1024 ТОЛ 9. Months 
Digoxin Ineffective 
Propranolol Ineffective 
Verapamil Ineffective 
Flecainide Ineffective 
> Amiodarone ^ Thyrotoxicosis 
3 31F WPW type A Palpitation Amiodarone Photosensitivity 80, 80, 50x8 J Not done 4 Months 
Flecainide Ineffective 
Sotalol Ineffective 


WPW, Wolff-Parkinson- White; CPK, creatine phosphokinase. 


achieved by finding the shortest interval between 
atrial stimulation and ventricular activation while pac- 
ing.at various sites in the coronary sinus.!? In this 
patient, the pathway was located to the septal region. 


CORONARY ARTERIOGRAPHY 

After detailed electrophysiological studies, selective 
left coronary arteriography using the Judkins’ 
method! ! was performed to define the anatomy of the 







CS 
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* Transvenous ablation of septal AV accessory pathway by proximal coronary sinus shocks 
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left circumflex coronary artery and its branches and 
the coronary sinus and the relation of these structures 
particularly in the region of the accessory pathway. In 
all patients the left coronary artery was non-dominant 
and the marginal branches were remote from the 
coronary sinus at the location of the accessory path- 
way. The coronary sinus itself was of reasonable size 
(about 1 cm in diameter) as estimated by using the 
interelectrode distance as a guide. 


Fig. 1 , Electrogram and electrocardiogram showing effect of 50 W s shock to the distal pole (case 1). During atrial pacing ventricular 
pre-excitation is evident. Immediately after the shock normal ORS complexes appear. The PR interval is prolonged but returned to 
normal within several minutes. There is obvious ST segment depression and T wave inversion in lead aVF. This recording was taken 


at the first attempt at ablation. AV, atrioventricular; RA, right ати 


m; PCS, proximal coronary sinus; HRA, high right atrium; CS, 


coronary sinus; HB, His bundle region; RV, right ventricular apex; I, aVF, V1, V6, surface ECG leads. 
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Fig.2 Electrogram and electrocardiograms recorded during atrial flutter or fibrillation before and after ablation of accessory 
pathways (case 1). Before ablation, atrial flutter results in 1:1 atrioventricular conduction and a rapid rate. Atrial fibrillation results 
in a mean rate of 165 beats/min with a minimum RR interval of 210 ms (not shown). After ablation, atrial fibrillation conducts over 
the normal pathway with a controlled ventricular response. AP, accessory pathway; CS, coronary sinus; HB, His bundle region; HR, 


heart rate; I, aVF, V1, V6, surface ECG leads. 


ABLATION TECHNIQUE 

Ablation of accessory pathways was performed using 
an adaptation of the technique previously described 
for ablation of the atrioventricular node-His bundle.5 
А new 6F or 7F (USCI) bipolar or quadripolar elec- 
trode was positioned in the coronary sinus as close as 
possible to the accessory pathway. Either the distal or 
the next most proximal pole was attached to a stan- 
dard defibrillator using an adaptor, and between 4 and 
10 synchronised shocks of 50 to 100 J were delivered 
with the anode positioned at various sites on the 
anterior chest wall. The positioning of the anode was 
arbitrary but attempts were made to cover a wide area 
on the assumption that a vectorial element of the dis- 
charge (electrical or mechanical) might be essential to 
the success of the method. The position of the elec- 
trode lead was kept more or less constant for all the 
shocks; some movement during the shock was, of 
necessity, unavoidable. 


Results 


In two patients (cases 1 and 2) pre-excitation disap- 
peared after the first shock (Fig. 1) and in the third 
patient after the third shock. After the procedure, 
atria] pacing failed to show ventricular pre-excitation 
even when combined with isoprenaline infusion. 
Атпа] fibrillation was reinitiated in the patient in case 
l, and there was no evidence of pre-excitation (Fig. 
2). In no patient could re-entrant tachycardia be 
started and retrograde conduction was absent. In two 
patients serum was taken for creatine phosphokinase 
estimations within one hour and again 10 hours later; 


. the MB fraction was measured in one patient. Repeat 


studies before discharge failed to elicit tachycardia in 
the two patients with atroventricular re-entry, and in 
no patient was there any evidence of pre-excitation. 
The patients were followed from four to nine 
months (Table). Both patients who presented with 


Ablation of anomalous conduction 


re-entrant tachycardia were free of attacks without 
treatment. The patient with atrial fibrillation (case 1) 
had a recurrence of attacks at three weeks, and on the 
electrocardiogram pre-excitation was found to have 
recurred. At restudy, ventricular pre-excitation was 
confirmed, and the minimum RR interval as a result 
of accessory conduction was 290 ms during atrial pac- 
ing compared with 190 ms during atrial fibrillation or 
atrial pacing before ablation. Atrial fibrillation was 
not induced at the second study. In view of the con- 
tinued potential for rapid ventricular rates, a second 
attempt at ablation was undertaken using six shocks 
(Table). This was successful and symptoms have not 
returned over six months’ follow up. 

In all patients subsequent electrocardiograms and 
24 hour tape recordings showed normal QRS com- 
plexes. Inferior T wave inversion noted immediately 
after ablation in one patient (case 1) (Fig. 1) gradually 
disappeared. No adverse effects were detected. None 
of the patients required antiarrhythmic drug treat- 
ment. 


Discussion 


Transvenous ablation of atrioventricular pathways has 
now been successfully applied by several groups.* 6 
Most of these patients have had refractory atrial or 
junctional tachycardias, and the aim has been to 
induce complete atrioventricular block to prevent a 
rapid ventricular response. In not all cases was this 
achieved permanently, but the anatomical substrate 
for tachycardia was damaged and tachycardia did not 
recur despite resumption of sinus rhythm. In one 
such patient the tachycardia was intranodal re-entrant 
in type.® After ablation there was first degree 
atrioventricular block, but no tachycardias could be 
induced. In other patients, an accessory pathway was 
inadvertently ablated during attempted ablation of 
atrioventricular conduction,*!2 and the patients 
remained free of tachycardias despite continued 
atrioventricular conduction. Thus selective ablation 
of the tachycardia mechanism avoiding induction of 
atrioventricular block is possible. This is preferable 
because it obviates the need for permanent pacing. In 
patients with refractory atrioventricular tachycardias 
associated with the Wolff-Parkinson- White syndrome 
ablation of the accessory pathway rather than the 
atrioventricular non-His bundle is the procedure of 
choice.!3 The ability to abolish accessory conduction 
by a transvenous method would, therefore, represent 
a considerable advance. This possibility was explored 
by Brodman and Fisher.'* They delivered low energy 
shocks of between 35 and 45 J in the coronary sinus of 
dogs and subsequently found localised histological 
changes in the atrial wall and atrioventricular groove. 
They speculated that such damage might be sufficient 
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to ablate conduction in direct left atrioventricular 
accessory connexions. They also presented prelimi- 
nary data on the use of this technique in four 
patients.” Energy levels of 60-80 J were delivered via 
an electrode in the coronary sinus. Complete block of 
accessory conduction was not achieved in any patient 
but a symptomatic improvement was noted in all. In 
some patients they found that the accessory pathway 
became more sensitive to antiarrhythmic drugs. 

The present report further confirms the feasibility 
of this technique for ablation of left sided accessory 
pathways near the ostium of the coronary sinus. We 
have been reluctant, however, to apply shocks to the 
distal coronary sinus region especially when the 
diameter of the sinus is not much greater than that of 
the electrode. We also have reservations about deliver- 
ing shocks in the coronary sinus if the circumflex 
artery is in close approximation to the sinus. Brodman 
and Fisher noted intimal hyperplasia in dogs, but 
there was no angiographic abnormality of the coro- 
nary artery.'4 

The energies we used are similar to those applied by 
Fisher et al.” Our higher success rate may have been 
the result of a more favourable relation between elec- 
trode and accessory pathway. Nevertheless, unlike 
these authors, we chose to use an external anode plate 
rather than two poles of the electrode. Whether the 
movement of the anode over the anterior chest wall 
increases the likelihood of permanently impairing 
accessory conduction is not known. These differences 
in technique may account in part for the discrepancy 
between our results and those of Fisher et al.? The 
evidence of Brodman and Fisher suggests that multi- 
ple lower energy shocks are safer and more effective 
than a single high energy shock.!^ There is as yet по 
information about the optimum number of shocks 
that may be given. We have not used energies greater 
than 100 J because they may rupture the coronary 
sinus.!4 In a recently published case report accessory 
conduction was abolished by two shocks of 400 J deli- 
vered to the ostium of the coronary .ѕіпиѕ.!5 This 
patient was followed for nine months without recur- 
rence of pre-excitation or tachycardias. As yet, we 
have no experience of transvenous ablation of right 
sided pathways. In one such patient, Weber and 
Schmitz used two shocks of 150 J in the right atrium 
which caused transient abolition of pre-excitation.!$ 
Failure to achieve block may have been related to 
difficulties in accurately localising right atrioventricu- 
lar accessory pathways.? The ability to record poten- 
tials from accessory pathways!" may enhance the suc- 
cess of this technique. Jackman et al did not, how- 
ever, achieve permanent ablation of accessory path- 
ways despite having recorded potentials from the reg- 
ion of the accessory pathway.!3 The feasibility and 
utility of this recording method remains to be evalu- 
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ated. 

No side effects were noted. In particular there was 
no evidence of significant myocardial, arterial, or val- 
var damage. The electrocardiographic changes 
observed in the patient in case 1 were present 
immediately after ablation and are likely to have been 
caused by longstanding  pre-excitation. This 
phenomenon has been well described by Nicolai et 
al.19 The small rise in creatine phosphokinase MB 
activity indicates some myocardial cellular damage, 
but this was not associated with electrocardiographic 
changes or clinical effects. The reasons for failure of 
the initial attempt at ablation in one patient are not 
apparent. It is possible that shocks may cause a tem- 
porary stunning of conduction such as has been noted 
in patients undergoing His bundle ablation.® The sec- 
ond attempt may have succeeded where the first failed 
because of cumulative effects. The decrease in the 
maximum conduction frequency after the first 
attempt supports this possibility. 

In conclusion, transvenous ablation of accessory 
pathways is a feasible method of treatment of the 
Wolff-Parkinson-White syndrome in selected 
patients. At present, we feel it should be limited to 
patients with refractory arrhythmias associated with 
accessory pathways on the right or near to the ostium 
of the coronary sinus. We would like to emphasise 
that this method is under evaluation and further 
information is needed before it can be recommended 
for more widespread use. 
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Aneurysmal dilatation of left atrial appendage 
diagnosed by cross sectional echocardiography and 


surgically removed 


DAVID LIPKIN, ANNA COLLI, JANE SOMERVILLE 
From the Paediatric and Adolescent Unit, National Heart Hospital, London 


SUMMARY An isolated aneurysmal dilatation of the left atrial appendage was found in an 18 year old 
girl who presented with atrial fibrillation and an unusual cardiac shadow on routine chest radio- 
graphs. The diagnosis was made by cross sectional echocardiography. The giant appendage was 
excised to remove the risk of systemic embolism and the need for life long anticoagulation. 


Case history 


An 18 year old girl sought medical advice for 
headaches and was found to have an irregular pulse. 
Physical examination was otherwise normal. A chest 
radiograph showed a normal sized heart with a 
prominent left heart border (Fig. 1a), which on 
fluroscopy did not pulsate. The electrocardiogram 
confirmed atrial fibrillation. Treatment with anti- 
coagulants was started. Ат 14 years old she developed 
the Guillain-Barré syndrome, and when in hospital a 
routine electrocardiogram showed sinus rhythm but 
no chest radiograph was taken. 

Cross sectional echocardiography in the parasternal 
long axis view showed a normal sized left atrium and 
mitral valve. There was a narrow, long echo free space 
behind and lateral to the left ventricle. The space 
appeared to be continuous with the left atrium. In the 
apical four chamber view it was obvious that this 
“pouch” connected to the left atrium, extending 
along the free wall of the left ventricle (Fig. 1b). 
Computed axial tomography of the heart confirmed 
these findings and showed that the pericardium was 
intact over the aneurysmal atrial appendage. Cardiac 
catheterisation showed normal intracardiac pressures 
and no evidence of mitral valve disease. Pulmonary 
angiography indicated opacification of the shadow in 
the venous phase and contrast swirled in the “aneur- 
ysm" for 20 seconds. There was no visible filling 
defect in the appendage to suggest a mural thrombus 
(Figs. 2a and 2b). Amputation of the appendage was 
Requests for reprints to Dr Jane Somerville, Paediatric and Adoles- 
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recommended to obviate the need for long term anti- 
coagulants to prevent systemic emboli. 

Through a left thoracotomy an enormous left atrial 
appendage was seen to compress and indent the left 
ventricle. The mitral valve was normal to palpation. 
The appendage was amputated at its base. Histologi- 
cal examination of the base of the left atrial appendage 
showed hypertrophied myocardium with an increase 
in interstitial fibrous tissue and thickening of the 
endocardium. Two weeks after operation the rhythm 
reverted spontaneously to sinus rhythm which has 
remained for 6 months without medication. 


Discussion 


Aneurysmal dilatation of the left atrium involving the 
appendage is usually associated with mitral valve dis- 
ease. Herniation of the left atrial appendage through a 
pericardial defect may cause it to distend.! In the 
absence of a known predisposing cause the condition 
has been assumed to be of congenital origin. Only one 
third of the patients, however, have presented symp- 
tomatically before the age of 10 years. Usually the 
problem is discovered in the second to fourth decades 
of life.? Its discovery in а 10 month old baby? sug- 
gests that it is of congenital origin or is acquired from 
a congenital lesion of the left atrial wall. 

Histology of the appendage in other patients has 
shown a similar appearance to that in this case. 
Whether this results from damage to the atrial wall in 
intrauterine or postnatal life is not known. 

The diagnosis is suggested by the appearance of the 
cardiac shadow on the chest radiograph. Other condi- 
tions which produce a similar shadow are mediastinal 






Fig. 1 (a) Chest radiograph in posteroanterior projection 
showing a large, rounded mass at the left heart border 
corresponding to the aneurysm of the left atrial appendage. (b) 
Cross sectional echocardiogram in the apical four chamber view 
showing an aneurysmal left atrial appendage (LAP). LV, left 
ventricle; RA, nght atrium; RV, nght ventricle 


and cardiac tumours or pericardial cysts. Angio- 
graphy has been used to distinguish the condition.* In 
our patient, cross sectional echocardiography but not 
M mode echocardiography clearly demonstrated the 
cause of the protuberance of the left heart border 
showing that the echo free space communicated with 
the left atrium, which differentiated it from a tumour 
and a pericardial cyst. Computed axial tomography of 
the heart was valuable in that it established the rela- 
tion between the left atrial appendage and pericar- 
dium. Cardiac catheterisation was performed to 
exclude coexisting heart disease but was not necessary 
to establish the diagnosis. 
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Fig.2 Laevophase of pulmonary arteniogram: (a) contrast seen 


filling pulmonary veins and body of left atrium (LA) with 
appendage not opacifwd and (b) later frame with contrast filling 
left ventricle (LV) and aorta (Ao) but contrast still present in left 
atrial appendage (LAP). 


Recognition of an isolated aneurysm of the left 
atrial appendage is important since supraventricular 
arrhythmias and systemic embolisation are common 
The aetiology of the supraventricular arrhythmias is 
not understood. Perhaps they result from the large 
area of abnormal atrial wall which allows the 
development of electrical circus pathways. It is inter 
esting that in other patients the arrhythmia was 
abolished by aneurysmectomy* as in this patient 
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Furthermore, aneurysmectomy has, in all the cases 
reported, resulted in the abolition of systemic 
emboli$ ` 


We thank Mr Donald Ross, for performing the left 
` thoracotomy, and Dr Eckhardt Olsen, for carrying 
out the histological examination. 
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THE AUTUMN MEETING of the British Cardiac Society 
was held at the Wembley Conference Centre, Lon- 
don, on Monday and Tuesday, 3 and 4 December 
1984. The President, MICHAEL OLIVER, took the 
Chair during private business. At the scientific ses- 
sions the Chair was taken by HUGH BENTALL. 


Abstracts of papers 


Homograft aortic root replacement for complicated 
prosthetic valve endocarditis 


T Crake, D N Ross, M Yacoub, R Donaldson 
National Heart Hospital, London 


Thirteen adult patients (mean age 41 years) with 
prosthetic valve endocarditis or uncontrolled sepsis 
and aortic root abscesses underwent homograft aortic 
root replacement with reimplantation of the coronary 
arteries. There were two perioperative deaths. The 
endocarditis was cured in all 11 survivors, who have 
been followed up from 1 to 132 months (mean 33 
months). Two of these patients are having symptoms 
due to homograft valve malfunction; excellent clinical 
and haemodynamic results have been obtained in the 
other nine patients. 

Homograft aortic root replacement excludes the 
root abscesses and the weakened infected aortic 
annulus from the high systemic pressure and permits 
suturing of the homograft to healthy myocardium. It 
provides an alternative technique in the management 
of selected patients with active prosthetic infection 
and aortic ring destruction by sepsis. 


Adult heart valve dimensions and their surgical 
implications 


S Westaby, R B Karp, E H Blackstone 
Royal Postgraduate Medical School, London, and 
University of Alabama, Birmingham, USA 


After valve replacement, some patients fail to improve 
in functional status because their prosthesis is restric- 
tive. We believe that for adults, body habitus relates 
poorly to valve size and that Lev's data relating body 
surface area to valve size in childhood cannot be 
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extrapolated into adult life. We therefore sought - 
guidelines for valve replacement by measuring valve 
circumference, then calculated circularised orifice 
areas in 160 postmortem hearts from adults with and 
without congestive cardiac failure. Multivariate 
analysis was used to relate orifice area to age, sex, 
height, body surface area, and congestive cardiac fail- 
ure. We found only sex and congestive cardiac failure 
to have statistically significant relations to valve area, 

. correlation coefficients showing body surface area and 
other variables to be poorly related. We can therefore 
state a mean circularised orifice area for each adult 
cardiac valve and aim to insert an appropriate pros- 
thesis. Male patients have larger valves, and atrioven- 
tricular valves are enlarged in congestive cardiac fail- 
ure. Comparison of mean valve area with the effective 
orifice area of current prostheses shows, however, the 
majority (particularly mechanical valves) to be restric- 
tive at rest, especially in the mitral and tricuspid posi- 
tions. Improved prosthetic design, valve repair 
wherever possible, and annulus enlargement proce- 
dures are required to eliminate this problem. 


Early and medium term results of cardiac 
transplantation with minimum or no oral steroids 


M Yacoub, P Alivizatos, Rosemary Radley-Smith, К 
Khagani, A Mitchell 
Harefield Hospital, Harefield, Middlesex 


Between February 1980 and August 1984, 124 
patients underwent cardiac transplantation at 
Harefield Hospital with an overall one year survival of 
72%. Early in the experience oral steroids were 
identified as a major cause of morbidity and mortality, 
particularly in very young and elderly patients. Since 
September 1982 the immunosupressive protocol con- 
sisted of cyclosporin, azathioprine, and antithymocyte 
globulin with no or minimum 5-15 mg oral steroids/ 
day. During this period 85 patients underwent cardiac 
transplantation (65 orthotopic and 20 heterotopic). 
Their ages varied from 16 to 59 (mean 44-7) years. 
The original disease was ischaemic in 47, congestive 
cardiomyopathy in 29, valvular in six, and others in 
three. There were 15 deaths (17-696) all within the 
first three months, giving an actuarial one year survi- 
val of 8296. Four patients (596) developed relatively 
serious infections, which were successfully treated 
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Eight patients (996) required treatment for systemic 
hypertension and three (3-5%) developed lympho- 
proliferative disease which regressed on reducing 
immunosupression in two and required excision in 
one. Twenty five patients, investigated by coronary 
angiography one year postoperatively, showed no 
localised or diffuse narrowing (chronic rejection). 
Graft function has been good in all survivors. 

It is concluded that cardiac transplantation can be 
performed with minimum, or no, oral steroids and 
that this might help to liberalise the age limits for 
acceptance. 


Development of the clinical heart-lung transplant 
programme 


J Wallwork, R Cory-Pearce, T A H English 
Papworth Hospital, Papworth Everard, 
Cambridgeshire 


Since November 1982 progress has been made 
towards the development of clinical heart lung trans- 
plantation at Papworth Hospital. Between November 
1982 and August 1984, there have been 59 referrals 
for heart-lung transplantation, 42 with primary lung 
disorders and 17 with primary cardiac defects. Many 
early referrals did not meet our criteria, primarily 
because of age or medical unsuitability. Fourteen 
patients have been assessed for transplantation and six 
await assessment; nine have been accepted as heart- 
lung recipients. Two patients with primary pulmo- 
nary hypertension on prostacycline therapy have been 
provisionally accepted. Of the nine patients, three 
have died waiting. Four patients are currently await- 
ing transplantation, the major limiting factor being 
the availability of suitable donor organs. Size com- 
patibility, normal lung function, and clear chest x ray 
appearances are essential. 

Between April 1984 and September 1984, two 
patients have been successfully transplanted, one with 
fibrosing alveolitis and one with Eisenmenger's syn- 
drome secondary to an atrial septal defect. The 
patients are alive and well at six months and one 
month following transplantation with excellent car- 
diopulmonary function, PO, >11 kPa on air. We have 
introduced a new method of preserving donor lungs 
prior to transplantation, the preservation solution 
being colloid rather than crystalloid based. This has in 
our initial experience produced excellent early post- 
operative pulmonary function. Immunosuppression 
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consisted of cyclosporin À, low dose steroids, and a 
short course of equine antithymocyte globulin. 
Imuran has not been used. Combined heart and lung 
transplantation is a viable clinical procedure for 
selected young patients with lethal and disabling pul- 
monary or cardiopulmonary disease. 


Preoperative predictability of the late clinical 
outcome after CABG in patients with severe 
ventricular dysfunction 


P Sergeant, L Wouters, W Flameng, L Dekeyser, R 
Suy 

University Hospital, Leuven, Belgium, and Janssen 
Pharma NV, Beerse, Belgium 


The predictability, based on preoperative factors, of 
the late clinical outcome after pure coronary artery 
bypass grafting is evaluated in 60 patients with a 
severe ventricular dysfunction (mean ejection fraction 
(EF) 31-896 and mean end diastolic pressure 17:6 mm 
Hg). 

Actuarial total survival, cardiac survival, and event- 
free curves, angina, and NYHA classification at 12 
and 18 months postoperatively, made for 15 preopera- 
tive variables, define the' late clinical result. The car- 
diac operative mortality was 0% for the 35-45% EF 
subgroup, 0% for the 25-34% EF subgroup, апа 20% 
for the under 2496 EF subgroup. The 24 months 
actuarial cardiac survival was 9396 for the patients 
with a 35-45% EF, 93% for the patients with a 25— 
34% EF, and 43% for those with an EF under 24%. 

A mathematical model was constructed and the 
mortality predictability at 18 months was analysed by 
stepwise logistic regression. The best prediction was 
obtained using the ejection fraction and the preopera- 
tive NYHA functional class with 91-7% correct pred- 
ictions, a sensitivity of 72-796, and a specificity of 
95.996. The rank correlation between the predicted 
probability and the response was 0-922. Other vari- 
ables did not increase the accuracy. 


ue e-163 —028 x EF +295 x NYHA 
Probability — 





] + e-163 -0-28 x EF 42.95 x NYHA 


This formula can help to define the patients with 
poor ejection fraction but very good clinical outcome 
and those in whom the high operative risk cumulates 
with poor late survival. 
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Myocardial revascularisation during acute 
infarction 


P Sergeant, W Flameng, J Vanhaecke, L Dekeyser, В. 
Suy 
University Hospital, Leuven, Belgium 


Thirty two patients were operated on during the acute 
phase of myocardial infarction. Their mean age was 
53-7(6-8) years (range 36-69). Of the patients (26 male 
and six female), 3796 had previously suffered from 
another myocardial infarction. All patients were 
accepted for surgery whatever their clinical condition; 
5095 were in carcinogenic shock or receiving cardiac 
resuscitation. Myocardial revascularisation to the 
threatened area was finished in 18 patients less than 
150 minutes after the onset of ischaemia, with a mean 
of 183-5(88-5) minutes. A mean of 2-3 distal anastom- 
oses were constructed per patient. The operative mor- 
tality was 9-3%. The operative survivors were fol- 
lowed for 15-5(8-3) months; all are alive at the end of 
follow up and 95-7(4- 196 stayed angina free. 

Postoperative radionuclide assessment, more than 
two months after surgery, showed significantly smal- 
ler thallium defects and better ejection fractions than 
controls (п= 20), who received conventional treatment 
for acute myocardial infarction, when surgery was 
finished within two hours. When revascularisation 
was completed more than four hours after the onset of 
symptoms, the scintigrams were not different from 
‚ the controls. Electromicroscopical studies of epicar- 
dial and endocardial biopsies from the centre of the 
area at risk correlate with the radionuclide findings. 

Coronary surgery can be performed in the acute 
phase of the myocardial infarction but should be 
limited to the early revascularisations if the damage to 
the cardiac function wants to be preserved. 


Inhibition of implanted pacemakers by domestic 
electrical appliances 


А К Agarwal, V J Redding 
Groby Road Hospital (Regional Cardiac Centre), 
Leicester 


Unipolar ventricular inhibited demand cardiac pacing 
is the usual mode of treatment for symptomatic 
bradyarrythmias. Demand (VVI) pacemakers are sus- 
ceptible to electromagnetic interference which may 
cause return of symptoms depending upon the dura- 
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tion of induced inhibition and the patient's underly- 
ing spontaneous rhythm. Various methods have been 
tried to avoid external electromagnetic interference by 
metal housing of the unit and by modification of the 
pulse and amplitude discriminating sensing circuit. 
Because of the increasing use of electrical domestic 
appliances, the sources of electromagnetic interfer- 
ence are growing rapidly. It is important to have a 
working knowledge of the behaviour of modern 
pacemakers in the presence of such potential hazards. 

Fifty four patients with implanted pacemakers of 
different manufacturers were tested against common 
domestic mains electrical appliances operating in close 
proximity to the unit at variable distances: shaver, 
hairdryer, food processor, domestic drill, hedge clip- 
per, vacuum cleaner, and microwave oven. Significant 
pacemaker inhibition was induced in 37 patients by 
equipment operating at less than 22:5 cm proximity. 
The domestic drill (9196) and the hedge clipper (4196) 
were the main inhibitors. The shaver also affected a 
small number (7) of the patients. 

This preliminary study demonstrates that some 
domestic electrical appliances can seriously interfere 
with pacemaker function. Operation of the equipment 
tested appears, however, to be safe beyond a distance 
of 30 cm. 


Left ventricular dynamics during exercise in 
physiological and non-physiological pacing modes 
using gated radionuclide angiography 


W C Brownlee, D L Hastings 
Departments of Cardiology and Medical Physics, 
Manchester Royal Infirmary, Manchester 


Left ventricular dynamics have been compared dur- 
ing physiological ventricular fixed rate and externally 
triggered rate responsive ventricular pacing. Meas- 
urements of ventricular function were made using 
equilibrium gated radionuclide angiography at rest 
and during steady state exercise. Fifteen patients in 
complete heart block treated with programmable 
VAT or DDD pacemakers were studied first in the 
VAT mode and 14 days later in the VOO mode. In 
five of these patients an additional mode, externally 
triggered rate responsive ventricular pacing without 
atrioventricular synchrony, was employed. Indices of 
left ventricular volumes, cardiac output, and ejection 
fraction were derived. Comparing VAT and VOO 
modes two groups of patients could be identified 
according to the response of stroke volume on exercise 
in the VAT mode. Those able to increase stroke vol- 
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ume on exercise (8) had a larger rise in cardiac output 
(p«0-02), which was achieved by rate responsiveness 
and an increase in end diastolic volume. Comparison 
between the VAT and externally triggered ventricular 
pacing modes showed similar cardiac outputs at the 
same ventricular rates on exercise, but with atrioven- 
tricular synchrony the end diastolic volume was larger 
(p« 0-01). 

It is concluded that (2) provided stroke volume can 
increase, cardiac output is improved by physiological 
pacing and (b) atrioventricular synchronous pacing 
causes a higher end diastolic volume than ventricular 
pacing at the same rate. 


Digital analysis of atrial electrograms: a means of 
preventing pacemaker mediated re-entry 
tachycardia? 


D W Davies, R J Wainwright, M Tooley, A J Camm 
St Bartholomew's Hospital, London, and the Brook 
General Hospital, London 


The inability of current pacemaker sensing circuits to 
distinguish anterograde from retrograde atrial 
depolarisation contributes to the genesis of pacemaker 
mediated re-entry tachycardia (PMRT). Slew rate 
analysis of digital atrial signals may overcome this 
problem. 

Using temporary bipolar electrodes, electrograms 
were recorded simultaneously from three right atrial 
sites (appendage, high and low lateral) during sinus 
rhythm and right ventricular pacing in 10 patients 
with intact retrograde (V-A) conduction. The unpro- 
cessed electrograms were analysed for amplitude, slew 
rate, and signal polarity. These signals were then con- 
verted to digital form and further analysed by a slope 
detection program which displays the original elec- 
trogram as a sequence of positive and negative turning 
points with amplitudes proportional to the original 
slew rates. 

Retrograde atrial signals fulfilled сштеп 
pacemaker sensing criteria in all patients confirming 
the potential for PMRT. Significant overall differ- 
ences between anterograde and retrograde signals 
were only seen in the slew rates at appendage and low 
lateral sites: 1-1(0-5) (mean (SD)) vs 0-7(0-4) and 
1-0(0-4) vs 0-7(0-2) V/s respectively (р<0-05 for both). 
Subtle visible differences between the morphology of 
the analogue anterograde and retrograde electrograms 
were observed in ‘all patients which would not be 
detected by simple pacemaker sensing circuitry. 
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Nevertheless, analysis of the digital signal enhanced 
these differences to the point where anterograde and 
retrograde depolarisations could be recognised auto- 
matically in all patients from 1 or more atrial sites. 
Digital analysis of atrial signals has successfully dis- 
tinguished anterograde from retrograde depolarisa- 
tion and has important future applications in the 
pacemaker management of iatrogenic and spontane- 
ous tachycardia. 


Comparison of burst overdrive, self-searching, and 
adaptive table scanning programmes in 
antitachycardia pacing 


P Holt, J C P Crick, E Sowton 
Department of Cardiology, Guy’s Hospital, London 


Seven patients with the Siemens Elema “Tachylog” 
generator implanted for the management of their 
paroxysmal tachycardias were studied to assess the 
safety and efficacy of three antitachycardia program- 
mes, The modes studied were burst overdrive (BOD), 
self-search (SS), and adaptive table scanning (ATS). 
There were four men and three women aged 20-62 
years. Six had Wolff-Parkinson-White (WPW) syn- 
drome and one had ventricular tachycardia (VT). 
Three patients with WPW and one with VT had pac- 
ing wires to the right ventricle, the remainder had 
right atrial pacing electrodes. 

All patients were studied acutely lying, standing, 
and post exercise in all three modes, and the approp- 
riate number and interval of stimuli chosen for the 
long term programmes. The generator remained in 
one programme for one month, was interrogated, and 
the memory read, then reprogrammed to a different 
antitachycardia mode. BOD was unsuitable for long 
term use in four patients, producing atrial fibrillation 
in one and VT in three. In this group SS and ATS 
were safe and equally effective (mean number of 
"searches"/attack 6:8 and 6-2 respectively). In the 
three patients in whom BOD, SS, and ATS could all 
be safely used BOD proved most efficient, mean 
number of attempts-tachycardia =3-6 (cf 11-3 for SS 
and 12:1 for ATS). 

Thus careful study and a versatile multiprogramm- 
able generator are neccessary to provide the safest long 
term antitachycardia programme. Burst overdrive was 
suitable for only 42% of our patients, but when safe 
was especially valuable in those with narrow termina- 
tion windows on exercise. 
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Continuous measurement of ventricular refractory 
period and the prediction of imminent loss of 
capture from the ventricular paced evoked response 


E J Perrins, L M Shapiro, E Rowland, R M 
Donaldson, А F Rickards 
National Heart Hospital, London 


Ап external pacing system has been designed, which 
is capable of high fidelity recording of the unipolar 
evoked electrogram within 5 ms of an applied pacing 
stimulus. This allows accurate registration of the 
evoked QRS complex, ST segment, and T wave. 
There is a marked similarity between the time courses 
of the paced evoked response and the monophasic 
action potential recorded from the same site. It should 
be possible to predict the ventricular refractory period 
from the evoked stimulus to peak T wave interval 
(St-T). The ventricular paced evoked response was 
recorded in five patients during programmed ven- 
tricular stimulation. The single ventricular extras- 
timulus technique was used to determine ventricular 
refractory period at basic paced cycle lengths of 280— 
800 ms. The St-T interval measured at each cycle 
length was then compared with the ventricular refrac- 
tory period (Vref) at that pacing rate. A linear relation 
was observed (Vref-0-94xSt-T-22-1 ms; r=0-98, 
p<0-001) which was highly significant. In addition 
marked widening and fractionation of the evoked 
QRS complex was detected when the premature 
stimulus was delivered within 10-20 ms of the ven- 
tricular refractory period. 

Similar changes in the evoked QRS complex were 
also seen with pacing energies less than 2—3 times 
diastolic threshold їп six anaesthetised апа 
thoracotomised dogs. The evoked QRS widened by a 
mean of 62 ms prior to loss of capture. These prelimi- 
nary results suggest that prediction of both ventricu- 
lar refractory period and imminent loss of capture is 
possible using this device and may find application in 
future antitachycardia pacemakers. 


Blood pressure and symptoms during pacing 


RI Jones, P M M Cashman, R S Horning, L Bassein, 
E B Raftery 

Department of Cardiology, Northwick Park Hospital 
and Clinical Research Centre, Harrow, Middlesex 


Patients with functioning pacemakers frequently have 
symptoms of presyncope. We have performed 
ambulatory monitoring of blood pressure in 10 
patients (mean age 67 years) in sinus rhythm origi- 
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nally paced (VVT) for the sick sinus syndrome. They 
were not taking any cardiovascular medication, and 
there was no evidence of pacemaker malfunction. Six 
were asymptomatic and four had symptoms of pre- 
syncope. Ambulatory blood pressure recordings were 
performed using a modification of the “Oxford” sys- 
tem which incorporated a pacing spike detector. 
From each tape episodes containing at least 20 beats 
of sinus rhythm followed by 20 beats of paced rhythm 
were selected. A total of 101 such episodes were 
analysed. Within each episode zero was defined as the 
onset of pacing and beats were numbered consecu- 
tively in a positive direction (after onset) and nega- 
tively (count down to onset). Eleven beat regression 
analysis of blood pressure on beat number was then 
performed. The number of quadratic components 
present at each beat number was then calculated and a 
x? test performed for systematic deviations between 
expected and observed distributions. All showed a 
significant (p«0-01-p«0-001) fall in blood pressure 
with the onset of pacing. In the asymptomatic patients 
blood pressure recovered within five beats, but in the 
symptomatic group this recovery was delayed by up to 
15 beats. Two symptomatic patients underwent a 
change of pacemaker to a DVI device. This resulted 
in the disappearance of symptoms and abolition of the 
fall in blood pressure. These data suggest that the 
onset of VVI pacing induces a fall in blood pressure in 
most patients, but symptoms only appear if baroreflex 
compensation is impaired. These haemodynamic con- 
sequences may be abolished by dual chamber pacing 
suggesting that baroreflex function should be tested 
before deciding which pacing mode to use. 


Surgical correction of total anomalous pulmonary 
venous connexion: influence of cross sectional 
echocardiography and perioperative therapeutic 
optimisation 


C Lincoln, C Mercanti, M Rigby, E Shinebourne, 
M Joseph, G Miller 
Brompton Hospital, London 


Sixty six patients have been surgically treated for cor- 
rection of total anomalous pulmonary venous connex- 
ion (TAPVO) from 1973 to 1984; 38 were male and 25 
female. The median age at operation was 77 days and 
the median weight 3-8 kg. The anatomic type encoun- 
tered was infracardiac (IC) in 13, cardiac (C) in 27, 
supracardiac (SC) in 24, and mixed (MC) in 2. The 
diagnosis was established by catheterisation and 
angiography in 47 patients, in three by clinical exami- 
nation, and in the last consecutive 16 by cross sec- 
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tional echocardiography alone. Pulmonary hyperten- 
sion (PHT) was present in 26 (4196) of those patients 
catheterised preoperatively. Pulmonary vascular resis- 
tance (PVR) averaged 8-1 u m?, and in those with IC 
>10 u m?. Conventional (CPB) bypass with profound 
to moderate hypothermia was used in 14 patients, and 
preliminary surface cooling then core cooling to 15°С 
with circulatory arrest in 52. Six patients developed 
one or more pulmonary hypertensive crises during the 
postoperative period, in four diagnosed by direct 
pulmonary artery pressure (PAP) measurement and in 
two on clinical examination. Late reoperation was 
necessáry in six (1196) patients. Multivariant analysis 
of risk factors for 30 days survival with regard to sex, 
year of operation, days in hospital before operation, 
age, height, weight, body surface area, pH on admis- 
sion, PAP, PVR, PHT crises, mode of investigation, 
type of CPB, and type of anatomy showed that risk of 
early death was increased in respect to PHT crises 
(p<0-06), year of operation (p<0-02), and sex of 
patient (p<0-02) but decreased with echo diagnosis 
alone (p<0-05). The 30 day hospital mortality from 
1975 to the present time is 1196. The late mortality is 
represented by six (9-596) patients. Actuarial survival 
of IC patients is 6996 at 72 months, but the others had 
8896 survival at 80 months. 


Continuous wave Doppler echocardiography in 120 
infants and children with congenital heart disease 


A.B.Houston, I A Simpson, C Sheldon, W B Doig, 
E N Coleman 
Royal Hospital For Sick Children, Glasgow 


Continuous wave Doppler echocardiography has been 
used to study 120 infants and children (7 days to 15 
years) with congenital heart disease undergoing car- 
diac catheterisation or cardiac surgery without 
catheterisation. The provisional diagnosis was made 
with clinical examination and cross sectional echocar- 
diography and the Doppler study directed to sites 
where a pressure’ gradient was suspected. The max- 
imum velocity of blood flow was measured and the 
gradient calculated from the modified Bernoulli for- 
mula. Ап accurate estimate (r—0-94) of the gradient 
was obtained in those with stenotic lesions including 
pulmonary valve stenosis (26), pulmonary valve and 
infundibular stenosis (16), aortic stenosis (10), pul- 
monary stenosis with transposition (4), and pulmo- 
nary artery banding (5). A satisfactory estimate of the 
pulmonary artery’ préssure in 17-patients with a ven- 
tricular septal defect was obtained by subtracting the 
estimated pressure difference between the ventricles 
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from the systolic blood pressure. In 14 of 15 patients 
with coarctation of the aorta demonstration of 
increased velocity in the distal aortic arch confirmed 
evidence of the site of coarctation; in another failure 
to demonstrate this suggested complete obstruction. 
Doppler echocardiography provided information not 
obtained at catheterisation in six and which was 
important in undertaking surgery without catheterisa- 
tion in two. 

Continuous wave Doppler echocardiography has 
been shown to make an accurate assessment of pres- 
sure gradients between ventricles, over stenosed ven- 
tricular outlets, and across arterial obstructions and is 
thus an important non-invasive technique in the man- 
agement of a wide variety of cardiovascular defects. 


Clinical value of continuous wave Doppler in adults 
with aortic stenosis 


I A Simpson, А B Houston, C D Sheldon, I Hutton, 
T D V Lawrie 

Departments of Cardiology, Royal Infirmary and 
Yorkhill Hospital, Glasgow 


Thirty five adults with clinical evidence of aortic 
stenosis (age range 15 to 71 years) were evaluated 
using continuous wave Doppler in addition to non- 
invasive assessment with clinical examination, ECG, 
chest x ray, and cross sectional echocardiography. 
Doppler examination was performed using a Vingmed 
Alfred continuous wave Doppler velocimeter in con- 
junction with spectrum analysis, using a 2 MHz 
transducer. Doppler gradients were calculated using 
the modified Bernoulli equation. Peak to peak pres- 
sure gradients were obtained independently at cardiac 
catheterisation in all patients, and simultaneous Dop- 
pler examinations performed in 25. There was a good 
correlation between the two methods (r— 0-92), in par- 
ticular when simultaneous Doppler recordings were 
obtained (r=0-98). When the complete non-invasive 
assessment of these patients was evaluated, all those 
with a surgically significant stenosis were correctly 
identified. In particular, overestimation was not 
found in any patient with a less than significant obs- 
truction. 

In conclusion, therefore, continuous wave Doppler 
provides an accurate assessment of the degree of aortic 
stenosis, and in conjunction with other non-invasive 
techniques obviates the need for catheterisation in 
these patients. 
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Assessment of stroke volume and cardiac output by 
Doppler ultrasound alone 


J M Rawles, M K Daniel, Neva E Haites, Fiona M 
McLennan, D H R Mowat 

Department of Medicine, University of Aberdeen, 
Aberdeen 


It has been shown that stroke volume may be calcu- 
lated from the product of aortic cross sectional area 
and the systolic velocity integral of aortic blood flow. 
On theoretical grounds, the systolic velocity integral 
(stroke distance) would therefore be expected to 
behave as the stroke volume index, and this was tested 
in healthy subjects and seven groups of patients. The 
normal range of aortic blood velocity was established 
in 140 healthy adults using a non-invasive Doppler 
ultrasound technique. Integration of the area under 
the velocity time curve for each beat gives stroke dis- 
tance, and its product with heart rate gives minute 
distance. We have shown that stroke distance is inde- 
pendent of sex, body surface area, and blood pressure 
but shows a progressive decline with age. When com- 
pared with age corrected normal values, stroke dis- 
tance was increased by 5196 in 13 anaemic patients 
(p<0-001) and by 43% in 12 pregnant women 
(p«0-001). It was decreased by 1496 in 15 hyperten- 
sives (p<0-05), by 31% in 12 patients with atrial fibril- 
lation (px 0-01), and by 43% in 13 patients with car- 
diac failure (p<0-001). Stroke distance was normal 
in 16 patients convalescing from uncomplicated 
myocardial infarction. Г 

Measurement of aortic blood velocity and its 
derivatives by itself, without determination of aortic 
size, meets the need for a simple non-invasive method 
of assessing cardiac output. 


Early coronary thrombolysis with intravenous BRL 
26921: a double blind placebo controlled study 


M Been, D P de Bono, F E Bolton, А L Muir, W S 
Hillis, R Hornung 

Royal Infirmary, Edinburgh, and Stobhill General 
Hospital Glasgow 


The efficacy of intravenous BRL 26921, a “pro- 
tected” streptokinase-plasminogen complex, in pro- 
ducing acute coronary reperfusion was assessed in a 
double blind placebo controlled trial. Thirty two 
patients within three hours of the onset of a first 
transmural myocardial infarction entered the study. 
Fourteen had anterior and 18 inferior infarcts. Half of 
each group received active and half placebo treat- 
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ment. Reperfusion was assessed by coronary arteriog- 
raphy 90 minutes after injection of 30 mg BRL 26921 
or placebo (albumin). Coronary vessels were classified 
as reperfused or occluded without knowledge of the 
agent administered or the results of coagulation tests. 
Every patient who received BRL 26921 had patent 
vessels in the “infarct region” on angiography. All 
nine inferior infarct patients who received placebo 
had an occluded right coronary (7) or circumflex 
coronary (2) vessel. Five of seven patients in the 
anterior group had total occlusion of the left anterior 
descending coronary artery. Radionuclide ejection 
fraction at 10 days was significantly better in the 
anterior infarct group receiving active treatment 
(37(7)%) compared with placebo (23(5)%), p<0-05. 
There were two serious but non-fatal bleeding com- 
plications in the “active” group and two “late” 
deaths, both in the placebo group. 


Coronary reperfusion following single dose 
intravenous BRL 26921 


W S Hillis, R S Hornung, F G Dunn 
Department of Materia Medica and Cardiology, 
Stobhill General Hospital, Glasgow 


BRL 26921 is an inactive complex of acylated strep- 
tokinase and plasminogen with marked fibrin binding 
capacity. The active compound is produced by deacy- 
lation. Previous studies have shown successful coro- 
nary artery reperfusion following intracoronary 
administration within eight hours following acute 
myocardial infarction. This open study examined its 
efficacy using the intravenous route. BRL 26921 (30 
mg) was given intravenously to 29 patients (23 male, 
six female, age range 44-71 years) within six hours of 
acute myocardial infarction (mean 2 h 58 min). Selec- 
tive coronary arteriography was performed between 
60 and 90 minutes following intravenous administra- 
tion to confirm reperfusion. Anterior descending 
artery reperfusion occurred in 11 of 12 anterior 
myocardial infarctions (92%). Vessel patency was 
confirmed in four of four circumflex and 16 of 17 right 
coronary vessels in the inferior infarct group (94%). 
Reperfusion resulted in reversal of the acute elec- 
trocardiographic changes of infarct with a reduction 
in the sum of the ST segment elevation from 16(10) 
(mean (SD)) to 5(4) mm (p<0-001). There was an 
early peak of creatine phosphokinase release when 
compared with matched controls. Reperfusion 
arrhythmias occurred between 30 minutes and 2 
hours after intravenous therapy and included idio- 
ventricular rhythm, ventricular extrasystoles, and 
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reversal of heart block. There were no associated 
significant adverse effects. 
These results confirm the efficacy of BRL 26921 to 


obtain reperfusion early in acute myocardial infaction. 


Single dose intravenous thrombolysis in acute 
myocardial infarction: a non-invasive evaluation of 
a streptokinase-plasminogen activator complex 
(BRL 26921) 


B D Vallance, J C Rodger, P W Macfarlane 
Departments of Medicine, Hairmyres Hospital and 
Monklands District General Hospital, Lanarkshire, 
and University Department of Medical Cardiology, 
Glasgow Royal Infirmary, Glasgow 


We report a non-invasive evaluation of the coronary 
thrombolytic effect of an acylated streptokinase- 
plasminogen mixture (BRL 26921) administered in a 
single intravenous dose. Thirty four patients with 
acute myocardial infarction were investigated; all 
entered the study within three hours of the onset of 
symptoms. Sixteen were treated with 20 mg intraven- 
ous BRL 26921 followed by a heparin infusion; the 
remainder formed the control group. Mean creatine 
phosphokinase activity before and at 12 and 24 hours 
after treatment was 129(73), 1941(1500), and 
1397(814) ТОЛ respectively. The corresponding val- 
ues in the control group were 156(19), 1703(852), and 
1821(926) ТОЛ. Two ECG leads were recorded con- 
tinuously. Computer analysis showed that at two 
hours ST segment amplitude was 2896 of its initial 
value in the treated patients compared with 7996 in 
the controls. Significant ventricular arrhythmias 
occurred in 15 treated and 13 control patients; the 
mean times to the first of these arrhythmias were 142 
and 422 minutes in the treated and control groups 
respectively. Arrhythmias, early creatine phos- 
phokinase peaking, and early reduction of ST 
segment elevation are accepted markers of reperfu- 
sion. All of these were present in 11 of the treated 
group but in only one of the controls. We conclude 
that BRL 26921 administered intravenously as in this 
study can produce coronary thrombolysis. 


Angiographic assessment of treatment with 
intravenous single high dose streptokinase in early 
severe cardiac infarction 


D B O'Keeffe, D P Nicholls, Patricia Morton, J G 
Murtagh, M E Scott 
Cardiac Unit, Belfast City Hospital, Belfast 
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Fifty consecutive patients (46 male, mean age 56) with 
early (mean 2 h 50 min pain) severe cardiac infarction 
(mean Peel Index 14-6) received 1-5 million units 
streptokinase by intravenous injection over 30 
minutes. Coronary artery reperfusion was identified 
on ECG criteria 20 to 135 minutes (mean 62 min) later 
with an open infarct-related artery shown by angiog- 
raphy, in 8496 of cases. The artery stayed occluded in 
the remaining 1696. Mean time from onset of pain to 
coronary reopening was 198 mins. In these severe 
early infarcts, hospital mortality was 896 (three coro- 
nary reocclusions, one mesenteric embolus). There 
were no haemorrhagic complications needing transfu- 
sion within 48 hours of treatment. In those with coro- 
nary reperfusion the left ventricular ejection fraction 
(EF mean 51-496) was significantly better than in 
those whose artery stayed closed (EF mean 39.696) 
(p<0-05), while the numbers with raised left ventricu- 
lar end diastolic pressure in each group (3596 vs 6796) 
were not significantly different (p—0-12). Throm- 
bolysis was more likely to fail when patients were 
treated later (170 min vs 212 min, p« 0-05) after the 
onset of infarct pain. Reperfusion arrhythmias were 
frequent but generally trivial, although ventricular 
fibrillation occurred in one case. 

In conclusion, single high dose intravenous strep- 
tokinase treatment was followed by coronary reperfu- 
sion in 8496 of cases and proved free of serious 
haemorrhagic complications. The earlier the treat- 
ment was applied the better the chance of coronary 
reopening. In hospital mortality may have been 
improved, and left ventricular function was 
significantly better in those patients whose affected 
coronary artery was reopened. 


Down’s syndrome and complete atrioventricular 
septal defect: natural history 


E A Shinebourne, C Bull, M L Rigby 
Brompton Hospital, London 


Despite advances in surgical technique, repair of the 
complete atrioventricular septal defect carries a sub- 
stantial early mortality and the risk of significant 
ongoing disability due to left atrioventricular valve 
dysfunction. Any evaluation of the place of surgery as 
a long term investment for a child with a complete 
atrioventricular septal defect must take into account 
the natural (unoperated) history of the condition. At 
the Brompton Hospital, London, since 1972 we have 
encountered 62 patients with Down’s syndrome and 
complete atrioventricular septal defect without right 
ventricular outflow tract obstruction, on whom no 
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surgery has been performed. Operations have been 
carried out on six patients during this period. Despite 
medical treatment with digoxin and diuretics, seven 
died in infancy during the phase of left to right shunt- 
ing. Nevertheless, after this period mortality and usu- 
ally morbidity decreased with the advent of pulmo- 
nary vascular disease. Actuarial survival at 15 years 
was 76% and for those who survived to 1 year of age, 
actuarial survival at 15 years was 8796. These figures 
compare favourably with published surgical series and 
it seems likely that short and medium term survival of 
children with complete atrioventricular septal defect 
and Down's syndrome will be better without surgery. 
In the longer term, the life expectancy of patients with 
Down's syndrome, even without cardiac disease, is 
curtailed when compared with the normal population. 


Cardic malformation in spontaneous abortions 


L M Gerlis 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


Although chromosomal abnormalities and external 
malformations are known to be very common in spon- 
taneous abortions there does not appear to be any 
information on the frequency of cardiac malforma- 
tions in such material. The subject was investigated 
by detailed examination of the hearts of 309 spontane- 
ously aborted fetuses under the age of 24 weeks” gesta- 
tion, by gross dissection, microdissection, or histolog- 
ical serial sections. Very early specimens, in which 
cardiogenesis was incomplete, were not included. 
Forty five instances of cardiac malformations were 
found (about 15%). There was a bimodal relationship 
between the incidence of cardiac malformation and 
both maternal age and parity, and there was a higher 
incidence in summer conceptions but no apparent 
association with maternal blood groups. There were 
more male fetuses and they had proportionately more 
malformed hearts than the females. There was a 
marked inverse relationship with fetal age; in early 
fetuses, under 25 mm (about 9 weeks gestation), car- 
diac malformations were present in 68%. A wide vari- 
ety of morphological anomalies was encountered, 
ranging from simple to multiple and complex; some 
examples are illustrated. No cardiac malformations 
occurred in 72 threatened abortions which went to full 
term delivery. 
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Patient status five years or more after anatomic 
correction of transposition of the great arteries 


R Radley-Smith, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Between October 1975 and August 1984, 93 patients 
have undergone anatomic correction of transposition 
of the great arteries (TGA) at Harefield Hospital. 
Seventy six patients (82%) survived operation, and 14 
have been followed up for more than five years (mean 
71 months). Nine patients aged 2 months to 10 years 
(mean 29 months) had TGA with additional large ven- 
tricular septal defect (group A) and underwent a 
single stage correction. Five patients aged between 4-5 
and 21 (mean 9-6) months with simple TGA (group B) 
had a two stage operation. With a follow up of 65-99 
(mean 71) months, there have been two late deaths in 
group А, one 18 months after operation for progres- 
sive pulmonary vascular disease and the other at 3 
years of a cerebrovascular accident. The 12 surviving 
patients are asymptomatic and not on any medication. 
Holter monitoring has been perfortned both early and 
late in all patients. One patient in group B has 
remained in complete heart block since operation, but 
all other patients are in sinus rhythm. Routine 
recatheterisation and angiography have been per- 
formed at least once in all patients. One patient had a 
supravalve pulmonary gradient of 90 mm Hg, 4-5 
years after correction and required reoperation. Left 
ventricular function, coronary artery growth, aortic 
root size, and anastomotic sites have all been evalu- 
ated both angiographically and by sequential echocar- 
diogram. No significant abnormalities were found. 
Left ventricular ejection fraction was between 55— 
8396 (mean 6796) on angiography. It is concluded that 
anatomic correction gives satisfactory clinical and 
haemodynamic results five years or more after opera- 
tion. 


Balloon valvotomy and angioplasty in congenital 
heart disease: successes and failures 


G A H Miller 
Cardiac Department, Brompton Hospital, London 


Balloon valvotomy or balloon angioplasty was success- 
ful in avoiding or delaying surgery in 13 of 16 patients 
with congenital heart disease. In 10 patients aged 
between 10 days and 7 years balloon pulmonary val- 
votomy was successful in all but two. In the eight 
successful cases right ventricular pressures averaged 
70-5 mm Hg before and 38 mm Hg after the proce- 
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dure. Gradients were reduced from an average of 
51-5 mm Hg to 15-6 mm Hg. The gradient was not 
reduced in a neonate with critical pulmonary stenosis 
and dysplastic valve. In a second patient failure was 
due to use of too small a balloon (10 mm); the gradient 
was reduced to 4 mm Hg at a subsequent attempt 
when an 18 mm balloon was available. Recatheterisa- 
tion in (so far) five patients at between 13 and 22 
weeks demonstrates no significant change («5 mm 
Hg) from immediate post valvotomy values in four 
and a further (15 mm) fall in right ventricular pres- 
sure in one patient suggesting that the benefit is 
retained, at least in the short term. In a patient aged 
2% .yrs with complete transposition and previous 
Mustard's operation balloon angioplasty successful 
relieved severe obstruction at the lower limb of the 
baffle; to our knowledge, it is the first use of this 
technique to overcome this complication. Balloon 
angioplasty was clinically successful in a patient aged 
1% years with coarctation and abolished the gradient 
in another aged 3% years with recoarctation. Finally 
detachable silicone filled balloons successfully obliter- 
ated several pulmonary arteriovenous fistulae causing 
severe arterial desaturation in a child aged 4 years. 
Balloon angioplasty failed to achieve dilatation of mul- 
tiple peripheral pulmonary artery stenoses in a 2 year 
old. In a 13 year old with double outlet right ventricle 
and previous Rastelli operation failure to manipulate 
the catheter into the pulmonary artery frustrated 
attempts to dilate a severely stenosed homograft 
valve. 


Comparison of ECG gated computed tomography 
and left ventricular angiography in the 
measurement of left ventricular function 


C J Foster, T Sekiya, I Isherwood, W C Brownlee 
Department of Cardiology, Manchester Royal 
Infirmary, and the Department of Diagnostic 
Radiology, University of Manchester, Manchester 


Twenty one studies were performed in 19 patients 
with ischaemic heart disease to compare ECG gated 
computed tomography with left ventricular angiogra- 
phy in the measurement of left ventricular volumes 
and ejection fraction. Gated computed tomographic 
scans each 1 cm in thickness were obtained at 1 cm 
intervals to image the entire left ventricle during 
intravenous infusion of contrast medium. End systolic 
and end diastolic areas were measured at each scan 
level to obtain the end systolic and end diastolic vol- 
umes, and from these ejection fraction was calculated .- 
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oblique projection, and end systolic and end diastolic 
volumes were calculated using Kennedy's method. 
From these the ejection fraction was calculated. Com- 
parison of end diastolic volumes revealed no 
significant difference between the two methods 
(p=0-794). The coefficient of correlation was 0-74. 
Computed tomography significantly overestimated 
the end systolic volume (p« 0-001) but the coefficient 
of correlation was 0-89. Computed tomography 
significantly underestimated the ejection fraction 
(p« 0-001) but the coefficient of correlation was 0-76. 
The results of this study indicate that ECG gated 
computed tomography is a useful non-invasive 
method for measuring left ventricular volumes and 
ejection fraction. 


Predicting the outcome of left ventricular 
aneurysmectomy by phase analysis of equilibrium 
radionuclide angiography (ERNA) 


O Ormerod, R Barber, D Stone, E Wraight, M Petch 
Department of Nuclear Medicine, Addenbrooke's 
Hospital, and the Cardiac Unit, Papworth Hospital, 
Papworth Everard, Cambridge 


Some patients show improvement in left ventricular 
function following resection of scar tissue (aneurys- 
mectomy) but others do not. The former can be 
difficult to identify from contrast angiography. Com- 
puter processing of ERNA data allows measurement 
of both the amplitude and timing (phase) of wall 
movement and is well suited to the identification and 
quantification of paradoxical wall movement (dys- 
kinesis). We have used this technique to study nine 
patients selected for aneurysmectomy by conventional 
angiographic criteria. 

Patients were divided into those with dyskinesis 
(phase 290? and amplitude >20% of maximum) 
(group A, n=4) and those with akinesis (amplitude 
<20%) (group B, n=5). Before operation group А 
had a lower global resting ejection fraction than group 
B (A=12-4(2-35), В=22-2(1-8) mean (SEM), р<0:05) 
and a higher spread of phase on contractile myocar- 
dium (A=31-+8°(4-9), B=22-6°(1-8), NS). After opera- 
tion there was an increase in the ejection fraction in 
group A (29-9(2:1) p<0-05) but not in group B 
(21-9(3-0)) and a greater fall in phase spread in group 
A (17-4(1:35)) compared with group B (20-2(2-6)). 
'The change in ejection fraction correlated with the 
change in the amount of dyskinesis (r=0-82, p<0-01, 
n-9) э 


Angiography was performed in the 40° right anterior . . .. The outcome of aneurysmectomy can be predicted 
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from the extent of dyskinesis in the aneurysm but not . 


by the ejection fraction or the function of the contrac- 
tile segment. This suggests that dyskinesis, demons- 
trated by combined phase and amplitude analysis of 
ERNA, may be closer to the definition of a functional 
aneurysm than that of contrast angiography. 


Development of a miniature radiation detector for 
monitoring left ventricular volumes 


A Lahiri, J C W Crawley, КІ Jones, M J Bowles, E B 
Raftery 

Northwick Park Hospital and Clinical Research 
Centre, Harrow, Middlesex 


The Nal scintillation probe (nuclear stethoscope) has 
„been traditionally use for monitoring beat to beat left 
ventricular volumes from technetium-99m labelled 
blood pool. This instrument cannot be used for con- 
tinuous monitoring of ambulatory subjects because of 
its size. Solid state mercuric iodide (HgL,) has a 
theoretical advantage in that it has a higher stopping 
power for gamma rays, for the same volume, that Nal 
and does not require a photomultiplier tube. We have 
developed a miniature HgL, detector (0-5 mmx65 
mm2) which we have connected via an external 
amplifier to the computer of a nuclear stethoscope 
(Bios Inc). In 41 patients, undergoing nuclear probe 
assessment of left ventricular function, we were able 
to measure the left ventricular ejection fraction with 
both detectors. The ejection fraction measurements 
ranged from 3196 to 8296, and over this wide range of 
values we obtained an equation of: y=9-44+0-84x: 
г= 0:94 for n=41 (p«0-001). The sensitivity of Не], 
detector compared with the 51 mm thick Nal detector 
was 55%. The solid state HgI, detector has now been 
adapted for continuous monitoring of left ventricular 
time activity curves at the bedside. This development 
opens up a new field of haemodynamic monitoring of 
left ventricular function with the possibility of exten- 
sion to full ambulatory subjects. 


ECG gated digital subtraction fine-catheter 
aortography in evaluation of coronary bypass grafts 


R Hayward, G Hunter, К Emanuel 
Departments of Imaging and Cardiology, Middlesex 
Hospital, London 


Seven patients with recurrent chest pain have been 
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studied three days to seven months after vein bypass 
grafting by conventional coronary and graft angiogra- 
phy, and by ECG gated digital subtraction angiogra- 
phy (DSA). DSA involved ascending aortic contrast 
injection (30 ml iohexol at 15 ml/s) via a 4FG pigtail 
catheter. Images were acquired in arrested respiration 
at 0, 300, and 600 ms from the R wave. Grafts were 
assessed as present or occluded; run off as absent (0), 
poor (1), moderate (2), or good (3), by two indepen- 
dent observers examining DSA images and angiog- 
rams. There were 18 grafts in seven patients, two 
being shown occluded. This status was correctly 
identified from DSA by both observers. Of the 16 
patent grafts, run-off grading was such that the total 
score assigned by both observers using conventional 
angiography was 30/48. Using DSA, run off was 
scored 29/48 and 27/48 by respective observers. In 6/7 
patients visualisation of the native coronary anatomy 
was also achieved. 

In terms of graft patency determination, ECG gated 
arterial DSA offers 10096 sensitivity and specificity 
and the potential for deployment on an outpatient 
basis. 


Mechanisms of atrial flutter and conversion using 
atrioversion 


А D Cunningham, J A Kennedy 
Department of Clinical Physics and Bio-Engineering, 
Glasgow, and Cardiac Department, Western 


Infirmary, Glasgow 


This study evaluated a new technique of electrical 
stimulation, atrioversion, in the treatment of atrial 
flutter (AFL). Atrioversion uses a single constant cur- 
rent impulse, with pulse width (mean 250 ms) longer 
than the flutter cycle length. Rapid atrial pacing is 
widely used to convert AFL; a review of 22 papers 
shows that conversion to sinus rhythm occurs in 4896 
of cases. In 65 cases of AFL, atrioversion produced 
sinus rhythm in 53%. Selection of a suitable atrial 
stimulation site affects the success rate. In a type I 
Site, conventional 2 ms pulse width stimuli delivered 
during flutter produce return cycles which are not 
fully compensatory; longer return cycles define type 
П sites. For type I and II sites, conversion rate to 
sinus was 7296 and 48%; the difference was significant 
(p<0-01). Conversion for type I sites was higher than 
for rapid atrial pacing. In five patients, the common 
form of flutter was converted to the uncommon form, 
with different P wave axis, by delivering extrastimuli; 
in six cases, type I responses were found at different 
atrial sites, separated in activation time by long 
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enough to rule out an ectopic focus. These results lead 
us to conclude that AFL is due to a macrore-entry 
circus movement. With careful selection of atrial site, 
atrioversion has a high success rate in the conversion 
of atrial flutter. 


Abnormalities of the peripheral circulation and 


respiratory function in patients with severe heart 
failure 


A J Cowley 
University Hospital, Nottingham 


To investigate the peripheral circulatory and respirat- 
ory abnormalities which occur in patients with heart 
failure we have measured forearm and calf blood flow 
and calf venous tone, before and after upright exer- 
cise, and respiratory gas exchange during exercise in a 
group of 26 patients with severe heart failure. Com- 
pared with a group of normal subjects the patients had 
reduced limb blood flow at rest and the response of 
limb blood flow to upright exercise was also abnor- 
mal. The patients developed a smaller increase in calf 
blood flow after exercise (p<0-001) and also a smaller 
reduction in blood flow in the non-exercising forearm 
(p<0-001). There was a significant correlation bet- 
ween the maximum exercise duration of the patients 
and calf blood flow both after exercise (r=0-642, 
p<0-01) and at rest (г=0:526, p<0-02). The patients 
were also venoconstricted at rest and after exercise 
(p<0-01). Compared with another group of control 
subjects the patients had a higher minute ventilation 
during exercise (р<0:03) and a reduced oxygen con- 
sumption (p<0-005). This latter suggests the early 
development of anaerobic metabolism during exer- 
cise. 

A measurement of limb blood flow and respiratory 
gas exchange are useful non-invasive ways of assessing 
patients with severe heart failure. 


Ambulatory ST segment monitoring: the 
mechanisms and pathophysiology of nocturnal 
myocardial ischaemia 


А A Quyyumi 
National Heart Hospital, London 


The role of ambulatory ST segment monitoring and 
the incidence, mechanisms, pathophysiology, and 
therapy of nocturnal angina were investigated. The 
sensitivity (70%) and specificity (97%) of ambulatory 
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ST monitoring in detecting coronary disease (n= 100) 
was similar to exercise testing but the patients’ history 
of pain had a poor correlation with the frequency of 
ambulatory ST changes. Nocturnal resting ST 
changes occurred in 15% of patients; the majority had 
severe coronary artery disease. Analysis of momentary 
changes demonstrated that heart rate increases pre- 
ceded ST depression in the majority of nocturnal 
episodes in patients with coronary disease (n=5). 
Polygraphic sleep studies (n=10) showed that these 
increases in heart rate were a result of arousal, bodily 
movement, rapid eye movement (REM) sleep, or 
apnoea during sleep. Detailed pathological examina- 
tion of coronary arteries showed no anatomical differ- 
ences between patients with and without nocturnal 
ST segment changes and spasm causing total luminal 
occlusion could not occur in the arteries. Reduction of 
basal heart rate with atenolol (n= 15) reduced the fre- 
quency (p<0-01) of nocturnal angina when compared 
with pindolol, which did not reduce resting heart rate 
owing to its partial agonist activity. Revascularisation. 
with coronary artery bypass grafting (п=46) reduced 
the frequency of both daytime and nocturnal ST 
changes. 

Thus an increase in myocardial oxygen demand is 
important in the precipitation of nocturnal resting 
myocardial ischaemia in patients with coronary artery 
disease and its reduction produces significant relief in 
daytime and nocturnal ischaemia. 


Improvement in exercise induced ST segment 
depression early after myocardial infarction 


RI Jones, A Lahiri, E B Raftery 
Northwick Park Hospital and Clinical Research 
Centre, Harrow, Middlesex 


Forty five male patients with a mean age of 53 years 
(range 36-67) underwent maximal treadmill exercise 
testing a mean of 8 days after their first uncomplicated 
transmural myocardial infarction (MI) when taking 
no cardiovascular medications. A 12 lead ECG was 
recorded during each minute of exercise, and directly 
measured brachial arterial blood pressure was 
recorded. ST segment depression of >1 mm 0-08 s 
after the J point constituted a positive response. 
Twenty three patients developed a positive ECG 
response during their initial exercise test. The mean 
(SD) maximal heart rate for these patients was 127(18) 
beats/min and increased to 139(14) beats/min at week 
8 (p<0-001). Exercise time increased from 6-7(2-1) 
mins to 9-4(3-9) mins (p<0-001) and maximal rate 
pressure product (RPP) from 172(33) to 218(46) 
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(p<0-001). Mean ST segment depression at maximal 
exercise decreased from 1-9(0-8) mm at week 1 to 
1- (0-6) mm at week 8 (p« 0-01) with a corresponding 
fall in exercise induced ST segment elevation in recip- 
rocal leads from 1-6(1-1) mm to 1-0(1-2) mm. Six 
patients with a positive response during the first study 
did not show a positive response during the second 
study despite achieving a higher workload. For the 16 
patients with a positive ECG response on both occa- 
sions heart rate at the onset of 1 mm ST segment 
depression increased from 110(12) beats/min to 
121(14) beats/min (p<0-01), RPP from 150(24) to 
184(28) (p«0-01), and exercise time from 3-9(1.3) 
mins-to 6-4(2-4) mins (p«0-001) between the two 
studies. 
These data suggest that exercise induced ST seg- 
- ment depression may decrease during the early weeks 
following myocardial infarction, which may account 
for some of the observed differences in the prognostic 
significance of ST segment depression at this time. 
` The timing of exercise testing after myocardial infarc- 
tion may be of fundamental importance. 


Exercise testing following myocardial infarction in 
patients under 55 years: a test of limited value? 


I Peart, L Seth, Catherine Albers, R J C Hall 
Royal Victoria Infirmary, Newcastle upon Tyne 


ST segment depression or angina or both during post 
myocardial infarction exercise testing is reported reli- 
ably to predict the extent of coronary artery disease. 
As such information is important in the management 
of young patients following myocardial infarction we 
have studied 100 consecutive patients under 55 years 
(range 32-54 years, mean 46:6 years) surviving an 
acute-myocardial infarction. They had treadmill exer- 
cise.tests using-a modified Bruce protocol at three 
weeks (submaximal) and six weeks (maximal) after 
infarction. During exercise testing 16 lead precordial 
maps were recorded in addition to standard 12 lead 
ECG's. All patients had coronary angiography. Forty 
patients had single vessel disease and 60 patients mul- 
tivessel disease. Thirty three (5596) patients with mul- 
tivessel disease had a positive exercise test (angina, ST 
depression >] mm or blood pressure fall 220 mm 
Hg) six weeks following infarction. compared with 22 
(37%) at three weeks (p<0-05) using the standard 12 
lead. ECG. The 16 lead precordial map did not 
improve detection of multivessel disease. The sen- 
sitivity, specificity, and predictive value of a positive 
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six week postinfarction exercise test for multivessel 
disease was 55%, 70%, and 73% respectively. Twenty 
five (81%) of the 31 patients who had angina during ` 
the exercise test six weeks postinfarction had angina 
on follow up compared with 14 (2096) of the 69 who 
did not (p« 0-001). 

Thus exercise testing at six weeks following 
myocardial infarction in patients under 55 years is of 
limited value in detecting multivessel disease but is a 
reliable predictor of angina on follow up. 


Reproducibility of ischaemic abnormalities 
resulting from maximal exercise tests performed 
predischarge and six weeks after infarction 


C E Handler, E Sowton 
Guy's Hospital, London 


Symptom limited treadmill exercise tests were per- 
formed predischarge and six weeks after myocardial 
infarction (MI), without complications, in 64 patients 
(mean age 55 years) to assess the reproducibility of 
abnormalities of prognostic value. There was a 
significant lack of reproducibility among those 
patients with angina (p<0-005) and an abnormal 
blood pressure (BP) response (p<0-05). ST segment 
depression and elevation and ventricular arrhythmias 
were relatively reproducible. There was a significant 
increase in the frequency of an ischaemic response 
from the early to the later test (p<0-01) associated 
with a significantly longer exercise duration 
(p<0-001) and a greater mean maximal heart rate 
(p<0-001) and heart rate-systolic BP double product 
(p«0-001). Eight patients were not retested at six 
weeks. Six of these had complications after leaving 
hospital; two reinfarcted, one of whom died, and four 
had unstable angina. All six patients had had an 
abnormal predischarge test (p<0-05). 

We conclude that the majority of patients who 
develop immediate complications after infarction can 
be identified with a predischarge exercise test. 
Because exercise induced ST segment depression and 
elevation are reproducible, patients who develop these 
abnormalities at the predischarge test do not, for 
Prognostic reasons, need retesting at six weeks. 
Angina and an abnormal BP response, however, are 
highly variable, and in these patients a repeat test may 
be useful. 
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Coronary morphology and ventricular function in 
patients with positive exercise tests following 
myocardial infarction 


D P Murray, L B Tan, M Salih, Sally Derry, R G 
Murray, W A Littler 

Department of Cardiovascular Medicine, University 
of Birmingham and East Birmingham Hospital, 
Birmingham 


Coronary morphology and left ventricular (LV) func- 
tion were investigated in 76 survivors of acute 
myocardial infarction with positive predischarge exer- 
cise tests. Patients were selected by ST depression in a 
12 lead treadmill test (73 patients) or by an abnormal 
exercise blood pressure (BP) response (3 patients). 
Coronary anatomy and LV performance were deter- 
mined at catheterisation. Multiple vessel disease was 
demonstrated in 60 of the 73 (8296) patients with ST 
abnormality remote from the site of infarction. А 
single locus of ST abnormality based on ECG lead 
groupings was present in 46 patients. Dual loci were 
present in 27 patients, of whom 25 had multiple vessel 
disease (7 double vessel disease, 15 triple vessel dis- 
ease). Seventy eight of the 101 (7796) loci of ST 
abnormality corresponded to coronary arteries with 
significant stenosis, and 65 (8396) of those diseased 
vessels served LV segments with normal wall motion. 
Twenty seven loci of ST abnormality corresponded to 
normal vessels. In 18 of these 27, exercise induced ST 
elevation in alternate loci or arteriographic collateral 
circulation or both suggested a possible coronary steal 
mechanism. An abnormal BP response was elicited in 
17 patients, all of whom had multivessel disease com- 
pared with 24 patients with a BP increase >20 mm 
Hg, of whom nine had single vessel disease. Mean LV 
ejection fraction was significantly lower in the former 
group (0:45(0:04)) compared with the latter 
(0-58(0-04); p<0-01). 

A positive predischarge exercise test conferred a 
high risk of multiple vessel disease. The locus of ST 
abnormality was related to disease in individual ves- 
sels which supplied preserved LV segments. Abnor- 
mal BP response indicated multiple vessel disease and 
impared global LV performance. 


Painless myocardial ischaemia: sequence and 
magnitude of left ventricular volume changes 


G J Davies, S Chierchia, W Bencivelli, F Crea, T 
Pratt, J Crow, M Morgan, А Maseri 

Department of Cardiology, Royal Postgraduate 
Medical School, London 


Left ventricular volume (precordial counting of 
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technetium-99m labelled blood pool) and the elec- 
trocardiogram were continuously recorded in 12 
patients with angina at rest during 11 spontaneous 
(two painful) and 12 ergometrine induced (nine pain- 
ful) attacks of acute myocardial ischaemia, character- 
ised by ST segment elevation in 13 (four painful) and 
ST segment depression in 10 (seven painful). АП 
ischaemic episodes were accompanied by progressive 
left ventricular dilatation, reduction of stroke volume 
and ejection fraction. These changes preceded the 
onset of diagnostic ST segment change and, when 
present, the onset of pain. The total duration of ven- 
tricular dilatation was greater in painful episodes than 
in painless episodes. Rate of change of volume was 
less in ergometrine induced episodes than in spon- 
taneous episodes and less in those with ST segment 
depression than in those with ST segment elevation. 
Nevertheless, there was no significant difference in 
rate of volume change between painful and painless 
episodes. The maximum change in end systolic vol- 
ume, end diastolic volume, stroke volume, and ejec- 
tion fraction was 133(50)% (mean (SD)), 38(8-0)%, 
—28(17)%, and —32(8-7)% respectively for painful 
episodes. It was 110(27)%, 26(12)%, —25(12)%, and 
—25(6)% respectively for painless episodes. 

Asymptomatic ST segment changes are accom- 
panied by the typical left ventricular volume changes 
of acute myocardial ischaemia but differences in mag- 
nitude or initial rate of ventricular dilatation do not 
appear to be sufficient to explain the occurrence of 
pain. 


Implications of the routine use of beta blockade 
after myocardial infarction in England and Wales 


RA Greenbaum 
Royal Free Hospital, London 


Long term beta blockade after myocardial infarction 
has been suggested significantly to improve one year 
survival. The purpose of this study is to estimate the 
effect and cost if this policy were applied nationally. 
During 1981, in England and Wales, 100 360 patients 
were admitted to hospital following acute myocardial 
infarction. Of these, 75 240 were discharged. Two 
trials have shown a mortality for treatment groups of 
6-896 (timolol) and 3-696 (propranolol) in the first year 
after infarction. The corresponding placebo groups 
had mortalities of 10-7% and 6-0%. This has been 
interpreted as a 3096 reduction in mortality. Alterna- 
tively, this could be seen as an improvement from an 
average 9296 survival without treatment to 9596 with 
beta blockade. Nationally, there is a potential saving 
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of 2300 lives. This contrasts with a national mortality, 
in 1981, of 107 000 from myocardial infarction. For 
each patient the cost of one year's treatment with 
timolol (10 mg twice daily) is £77.53 and with prop- 
ranolol (80 mg thrice daily) £69. Treatment of all 
75 240 survivors would cost £5 833 060 with timolol 
and £5 190 430 with propranolol. The cost per life 
saved would be £2540 for timolol and £2260 for prop- 
ranolol. In practice fewer lives could be saved because 
both studies indicated that 1896 of infarct survivors 
had contraindications to treatment with beta block- 
ade. 

It is concluded that in England and Wales approx- 
imately 1900 lives might be saved in the first year after 
infarction at a cost of about £4 553 000. 


Can good risk patients with acute myocardial 
infarction be discharged after four days? 


А Evans, б McKenzie, К Salathia, D McC Boyle 
Cardiac Unit, Ulster Hospital, Dundonald, and 
Department of Community Medicine, Queens 
University, Belfast 


Reducing the length of hospitalisation of patients with 
acute myocardial infarction would release resources 
for other patient care. We report a randomised study 
to determine if very short stay (four days) versus long 
stay (seven days) management of patients with low 
risk affects the outcomé at three months looking at (a) 
mortality and (b) cardiac events (death and non-fatal 
reinfarction) as end points. Non-invasive prognostic 
index identified 45-596 of patients to be low risk. Data 
were examined by "intention to treat" and by 
explicitative analysis. Using “intention to treat" 
analysis, 187 patients were allocated to four day dis- 
charge and 177 to seven day discharge. Mortality at 
three months was 8:096 and 4-0% and cardiac events 
9-1% and 5-6% respectively. By explicitative analysis, 
137 patients were discharged on the fourth day, and 
155 on the seventh day. Mortality at three months was 
5-896 and 1-396 respectively. Cardiac events occurred 
significantly more often in the early discharge patients 
(10-596) than in the late discharge group (3-296). 


Heart rate variability during acute myocardial 
infarction: relation to ventricular fibrillation 


D McAreavey, J M M Neilson, D C Russell 
Departments of Cardiology and Medical Physics, 
Royal Infirmary, Edinburgh 


Complex autonomic effects occur during acute 
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myocardial infarction, may relate to pathogenesis of 
ventricular fibrillation (VF), and may be reflected by 
patterns of RR interval variability. Detailed analysis 
has been performed of electrograms from 14 cases of 
acute myocardial infarction developing VF and 15 
cases of acute infarction (six anterior, nine inferior) 
without VF. Electrograms were processed from tape 
by computer in five minute segments to determine RR 
intervals, sequential RR interval differences (exclud- 
ing ectopic beats), and calculate 10th to 90th centile 
sample ranges. Distinctive patterns of RR variability 
observed include (a) sinus arrhythmia, (b) oscillation 
at about 0-1 Hz, (c) bursts of sinus tachycardia (1—2 
minutes), with or without ventricular arrhythmias, 
and (d) absence of any visible oscillation. Abolition of 
patterns (а) and (b) was observed after administration 
of atropine. During the five minute period preceding 
VF, the prevalence of pattern (d) was significantly 
greater (nine cases/14) than was found in comparable 
5 min periods (10/74) in 15 cases not developing VF 
(p«0-001) and mean RR interval shorter (680(38) ms 
vs 750(22) ms. RR difference range was greater in 
inferior (49(6) ms) than anterior (20(2) ms) infarction 
(p« 0-001). Although mean RR interval was more pro- 
longed during inferior (803(24) ms, p<0-05) than 
anterior infarction (726(22) ms) no correlation was 
found between RR difference range and heart rate 
(т= 0-09). 

Results suggest that the heart may be subject to 
parasympathetic influences which can be independent 
of heart rate during acute inferior infarction and that 
withdrawal of vagal tone with enhanced sympathetic 
activity may immediately precede VF. 


А comparison of bepridil with amiodarone in the 
conversion of established atrial fibrillation 


M S Perelman, E Rowland, D M Krikler 
Cardiovascular Unit, Royal Postgraduate Medical 
School, Hammersmith Hospital, London 


While conventional drug treatment of established 
atrial fibrillation rarely reestablishes sinus rhythm 
amiodarone converts approximately 4096 of patients. 
Bepridil, introduced for angina, has both fast and 
slow channel blocking properties and possesses anti- 
arrhythmic properties. We have compared bepridil 
with amiodarone in 18 patients with poorly controlled 
and established atrial fibrillation (mean ventricular 
rate > 100/min; duration >1 month). The ventricular 
rate was assessed at rest and during a standard tread- 
mill exercise test (Naughton protocol) performed 
weekly over three weeks on bepridil (200, 400, and 
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600 mg/day) and at two and four months on 
amiodarone (400 mg/day). During bepridil 9/14 
patients returned to sinus rhythm, while during 
amiodarone 4/13 converted. In the 10 patients who 
received both agents sequentially bepridil converted 
six and amiodarone four. In those patients remaining 
in atrial fibrillation amiodarone reduced the ventricu- 
lar response more at rest (baseline: 145(38), 
amiodarone: 101(6), bepridil: 117(32) (mean (SD); 
on exercise control was similar. The ventricular rate 
in atrial fibrillation was not further slowed by increas- 
ing bepridil above 200 mg/day, but more patients 
returned to sinus rhythm (200 mg, п=2: 400 mg, 
n=6: 600 mg, n=9). In 8/9 patients, returning to 
sinus rhythm on bepridil, the QTc was 440 ms. 
This prolongation of the QTc was dose related, and in 
two patients on 600 mg/day the return to sinus 
rhythm was associated with a QTc of 7600 ms and 
torsade de pointes which degenerated into ventricular 
fibrillation in one. 

While bepridil proved useful for the conversion of 
established atrial fibrillation, its effect on the QTc and 
the associated ventricular arrhythmias are likely to 
restrict its use and dosage. 


Clinical use of intravenous flecainide for acute 
onset of tachyarrhythmias 


A W Nathan, K J Hellestrand, D E Ward, R S 
Bexton, A J Camm 
St Bartholomew’s and St Georges’ Hospitals, London 


Intravenous flecainide (2 mg/kg) was given during 
acute onset tachycardias to 75 patients. Twelve had 
atrial flutter and 12 atrial fibrillation (including three 
with pre-excitation). Thirty two had junctional 
arrhythmias (atrioventricular (AV)  re-entrant 
tachycardia in 20, AV nodal tachycardia in 12) and 19 
had ventricular tachycardia. In the following, ven- 
tricular rates (1 standard deviation from the mean in 
beats per minute) before and after flecainide are 
shown in brackets. Atrial flutter was terminated in 
2/12 patients (112(14) to 87(7); p« 0-001). Atrial fibril- 
lation was stopped in 11/12 cases (159(11) to 121(9); 
p« 0-05). Atrioventricular tachycardia was reverted in 
17/20 patients (188(34) to 142(27); p<0-001). Intra- 
AV nodal tachycardia was stopped in 10/12 cases 
(175(36) to 134(20); p<0-001). Ventricular tachycar- 
dia was reverted in 15/19 patients (176(13) to 115(14); 
p<0-01). In those with junctional tachycardias, ter- 
mination was in the retrograde limb (accessory path- 
way or “fast” AV pathway) in 25 and anterograde 
limb (AV node) in only two. Four had proarrhythmic 
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effects. One, with AV nodal tachycardia, developed 
ventricular fibrillation, and another with ventricular 
tachycardia degenerated into fibrillation; both had 
received other antiarrhythmic drugs, and two patients 
with atrial flutter developed fast ventricular rates. All 
four responded to electrical therapies. Minor side 
effects included oral parasthesiae, transient dizziness, 
and visual blurring. 

Flecainide is an effective and relatively safe drug for 
the termination of recent onset paroxysmal atrial, 
junctional, and ventricular tachyarrhythmias of all 
types except atrial flutter. 


D-sotalol—the clinical electrophysiological effects 
of a new class III antiarrhythmic agent 


E Rowland, E J Perrins, R M Donaldson, 
A F Rickards 
National Heart Hospital, London 


The clinical importance of drugs with class ITI antiar- 
rhythmic activity has been established. Sotalol, in 
addition to its beta blocking action, has class III activ- 
ity, thought to be a property of the dextroisomer. We 
have studied the electrophysiological effects of the 
pure dextroisomer (d-sotalol) in five patients undergo- 
ing investigation for arrhythmia; three had parox- 
ysmal ventricular tachycardia, one had AV nodal 
re-entry tachycardia, and one paroxysmal atrial 
flutter. D-sotalol 0.75 mg/kg was administered 
intravenously over 10 minutes during sinus rhythm 
after baseline electrophysiological measurements had 
been obtained; these included 9096 repolarisation time 
derived from a monophasic action potential record- 
ing. The electrophysiological variables were re- 
evaluated 10-20 minutes after the end of infusion. 
There was a small decrease in mean heart rate from 88 
to 80 beats/min, prolongation in surface QTc interval 
(428(15) to 442(16) ms (mean (SD)), but no change in 
intracardiac conduction intervals. AV nodal refractor- 
iness was unchanged. Prolongations in both atrial 
(208(9) to 227(15) ms) and ventricular (228(12) to 
250(24) ms) effective refractory periods occurred 
together with a lengthening of the 9096 repolarisation 
time (260(12) to 284(24) ms). In two patients with VT 
inducible prior to d-sotalol, VT could not be induced 
after drug administration: in the other patient non- 
sustained VT (cycle length 220 ms) was induced prior 
to the infusion, slower but sustained VT (cycle length 
260 ms) being induced afterwards. 

This study is the first to demonstrate the class III 
antiarrhythmic action of d-sotalol; the absence of an 
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AV nodal action suggests that the immediate effects 
are not achieved by beta adrenoceptor antagonism. 
The  electrophysiological profile suggests that 
d-sotalol will be an important alternative to 
amiodarone for the management of arrhythmias. 


Xamoterol, an oral agent for the treatment of 
sinoatrial disease? 


F L Tseu, C A Morley, A F Mackintosh 
Killingbeck Hospital, Leeds 


Xamoterol (Corwin) is a highly selective beta, 
adrenoceptor antagonist with 45% intrinsic sym- 
pathomimetic activity; this combination suggests a 
role in the treatment of sinoatrial disease. Ultilising a 
randomised double blind crossover study over four 
weeks with placebo run-in and washout, xamoterol 
200 mg twice daily was compared with placebo. At the 
end of each week, patients were assessed by a semi- 
quantitative symptom checklist and Holter monitor- 
ing outside hospital. The tapes were analysed blind 
for the hourly RR interval distribution, the number of 
pauses > 1:74 s, the longest pause, and the presence of 
atrial arrhythmias. Twelve patients (eight men, four 
women; aged 50 to 79 years, mean 64-8 years) were 
studied. Eleven were symptomatic; nine were referred 
for consideration of permanent pacing. Eight had 
atrial tachycardias in addition to sinus bradycardia or 
atrial pauses. Xamoterol reduced the range of RR 
intervals over 24 hours. The drug was of clinical ben- 
efit in 10 patients. Six showed a reduction in the 
number and maximum duration of pauses. Three 
reported symptomatic improvement associated with 
an increase in mean heart rate. The other patient also 
had an increase in mean heart rate but was unable to 
describe her symptoms. Six patients are now on long- 
term therapy. One of the 12 patients showed no 
improvement; another with paroxysmal atrial flutter 
deteriorated. 

The drug treatment of sinoatrial disease can be 
assessed outside hospital in a wide range of patients. 
In many patients xamoterol could provide simple but 
effective therapy. 


Effect of successful percutaneous transluminal 
coronary angioplasty on myocardial perfusion and 
function 


A Singh, S Chandler, M F Shiu 

Departments of Cardiology and Nuclear Medicine, 
Queen Elizabeth Medical Centre, Edgbaston, 
Birmingham 
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Thallium 201 scintigraphy (ТІ 201) and technetium 
angiography (Tc-99m) were performed on 19 patients 
before and six weeks after successful treatment by 
percutaneous transluminal coronary angioplasty 
(PTCA). The degree of reversible myocardial 
ischaemia at exercise and rest was assessed on ТІ 201 
Scintigrams using a four point ischaemia score (0, 
normal, 3, severe abnormality) with images obtained 
in four standard views and the myocardium divided 
into five anatomical segments. Successful dilatation 
was achieved in 23 vessels in the 19 patients. Symp- 
tomatic improvement was maintained in 17 patients at 
six weeks and effort tolerance improved from 97(6) to 
111(6) J (p<0-02). Reversible ischaemic score (RIS) 
in the whole group improved from 3-0(0-9) to 0-6(0-2) 
(p«0-05). Left ventricular ejection fraction (LVEF) 
at rest remained unchanged. LVEF at exercise 
increased from 0-40(0-03) to 0-52(0-02) (p<0-001). 
Seven patients (group 1) had a significant (p>0-05) 
increase in exercise LVEF. The RIS in this group 
prior to PTCA was 7-8(1-8) whereas іп 12 patients 
without improvement in exercise LVEF the RIS was 
0-8(0-03) (p<0-001). There were no differences in 
either groups in numbers of vessels treated or site of 
lesion. 

This study showed that improvement in left ven- 
tricular systolic function following successful PTCA 
was more likely in patients with substantial degrees of 
reversible ischaemia before the procedure. 


PTCA in unstable angina: comparison with stable 
angina 


P J Quigley, G F Gearty, B J Maurer, M J Walsh 
Royal City of Dublin Hospital, Dublin, Eire 


Unstable angina is a recognisable clinical entity with a 
significant risk of subsequent myocardial infarction 
and death. Percutaneous transluminal coronary 
angioplasty (PTCA) was performed in 25 patients pre- 
senting with unstable angina and the early and late 
results analysed in order to assess its efficacy in the 
treatment of this condition. Results were compared 
with a similar group of 25 patients with stable angina 
in whom PTCA was also performed. The incidence of 
single, double, and triple vessel disease was identical 
in each group. Technical success was achieved in 23 
out of 27 (8596) attempts in the unstable group and in 
14 out of 27 (5296) attempts in the stable group 
(p«0-05). Vessel occlusion occurred in nine patients 
overall, necessitating emergency bypass.surgery in 
four. Evidence of myocardial infarction was found in 
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three (1296) patients in each group, and one patient in 
the unstable group subsequent died. Twenty 
patients in the unstable group have been followed up 
for a mean period of 7-6 months. Nineteen patients 
are symptom free while one (5%) has recurrent 
angina. 

These results compare favourably with published 
reports on unstable angina treated medically or surgi- 
cally and demonstrate the effectiveness of PTCA in 
this condition. 


Clinical effects of prolonged balloon inflation 
during coronary angioplasty and their moderation 
by intracoronary nitroglycerin 


I Amende, G Herrmann, W P Hood Jr, R Simon, PR 
Lichtlen 
Hanover Medical School, Hanover, West Germany 


Prolonged balloon inflation time (30-60 s) has been 
shown to improve results of coronary angioplasty, but 
the extent of the ischaemia so produced has not been 
well defined. We studied the haemodynamic and elec- 
trocardiographic effects of prolonged inflation during 
angioplasty of the proximal left anterior descending 
coronary artery in 29 patients, before and after 
administration of 0-2 mg_ nitroglycerin (NTG) 
through the distal balloon catheter port. There were 
no significant changes in heart rate or aortic pressure 
during balloon inflation, with or without NTG. 
Before NTG, baseline pulmonary wedge pressure was 
11-1(6-2) mm Hg and after NTG was 7-4(4-3) mm Hg 
(p<0-001). Wedge pressure at 60 s inflation was 
18-3(7-4) mm Hg before NTC and 14-5(6-8) mm Hg 
after (p<0-001). The time to an increase in wedge 
pressure =5 mm Hg was 31-6(13:9) s before and 
40-8(16:3) s after the drug (p«0-005). The time to 
appearance of ST segment elevation or depression 
0-1 mV in lead I or aVL was 25-2(12-1) s before 
NTG and 34-5(16.2) s afterward (p«0-001). Six 
patients with an increase in wedge pressure 25 mm 
Hg during balloon inflation had no detectable elec- 
trocardiographic alterations. 

In conclusion, pulmonary wedge pressure rises in 
response to balloon inflation during coronary angio- 
plasty and is a more sensitive indicator of ischaemia 
than aortic pressure or electrocardiographic changes 
in standard leads. Intracoronary nitroglycerin delays 
the appearance of the rise in wedge pressure and 
limits its extent; it also delays the onset of ischaemic 
ST segment changes. Monitoring of wedge pressure 
and administration of intracoronary NTG improve 
the safety of employing an extended inflation period 
during coronary angioplasty. 
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Successful percutaneous coronary angioplasty in 
totally occluded coronary arteries 


A Singh, M F Shiu 
Department of Cardiology, Queen Elizabeth 
Hospital, Birmingham 


In a consecutive series of 70 procedures, percutaneous 
transluminal coronary angioplasty (PTCA) was per- 
formed in eight patients with total occlusion. Occlu- 
sion occurred up to eight months between diagnostic 
angiography and PTCA and was associated with 
increased anginal symptoms but no Q wave infarc- 
tion. The procedure was successful with no complica- 
tions in seven patients, with angiographic evidence of 
vessel patency up to nine months later. One patient 
had successful recanalisation of the obstructed vessel 
but required emergency bypass grafting following 
PTCA of another vessel. All patients had symptoma- 
tic improvement and four were pain free at follow up 
between three and 14 months. Thallium 201 scintig- 
raphy before and after PTCA showed regression of 
fixed defects in four patients and normalisation of 
defects in two. 

In conclusion, coronary artery occlusion unassoci- 
ated with a Q wave infarct can be treated by PTCA 
with substantial clinical benefit and no increased 
risks. 


Should angioplasty be attempted for occluded 
vessels? 


A F Rickards, K M Fox, R Canepa-Anson, J Perrins 
National Heart Hospital, London 


In the course of 107 consecutive angioplasty proce- 
dures in 103 patients, an attempt was made to recanal- 
ise mechanically an occluded vessel on 15 occasions. 
Two patients had suffered an acute myocardial infarct 
with vessels that were presumed to have occluded 
within the previous two hours. In these individuals 
recanalisation was successful and antegrade flow re- 
established with prompt relief of pain and reversal of 
ECG changes. Thrombus was not observed in the 
affected vessel and streptokinase was not used. Follow 
up angiography revealed continued patency of the 
vessels without significant obstruction. In 13 chroni- 
cally occluded vessels, guide wire passage was suc- 
cessful in five with balloon passage in three and suc- 
cessful dilatation in one. At restudy the only success- 
fully dilated vessel had asymptomatically reoccluded. 

In the group as a whole the primary success rate for 
dilatation of stenoses was 79% with evidence of 


90 


myocardial damage occurring in seven, of which five 
developed Q wave infarction. One patient was treated 
by immediate surgery. There were no deaths. No 
complications occurred in relation to attempted 
recanalisation of occluded vessels. 

In sharp contrast to dilatation of stenoses, recanal- 
isation of chronically occluded vessels with currently 
available techniques. is unsuccessful, uncomplicated, 
and unrewarding. 


Outcome of early surgery following coronary 
angioplasty 


MS Norell, R Balcon 
London Chest Hospital, London 


Nineteen (27%) of 69 patients undergoing angioplasty 
underwent immediate coronary surgery, six planned 
for continuing angina after failed angioplasty. The 
remaining 13 were operated upon because of compli- 
cations: they were dissection in four, occlusion in five, 
continuing severe spasm in two, tamponade in one, 
and in one other detachment of a guide wire tip. The 
angioplasty was for a lesion in the anterior descending 
in eight (62%) patients, the right in four (31%), and 
the circumflex in one (8%). This was a similar dis- 
tribution to the 56 patients without complications. 
There was one early postoperative death due to exten- 
sive anterior myocardial infarction, and there was 
ECG evidence of new infarction in three others. Nuc- 
lear left ventricular angiograms were performed in 16 
of the 18 patients surviving immediate surgery after a 
mean of 27 months. These were compared with the 
cineangiograms performed prior to attempted angio- 
plasty. Only two patients showed evidence of a new 
left ventricular wall motion abnormality, the remain- 
ing 14 having normal left ventricular contraction both 
at rest and after a maximal bicycle exercise. 

Prompt surgery after angioplasty complications is 
usually successful with good symptomatic relief and 
without left ventricular damage. The incidence of 
important surgical complications in these low risk 
patients is, however, high. These are not always 
included in reported angioplasty series being “lost” in 
the “emergency surgery group.” 


Are changes in left ventricular function during 
exercise related to the extent of coronary artery 
disease? A study using first pass radionuclide 
angiography with gold-195m 


J L Caplin, D S Dymond, J O'Keeffe, W Flatman, 
S O Banim, R A J Spurrell 
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Cardiology Department, St Bartholomew’s Hospital, 
London 


To examine if sequential changes in left ventricular 
ejection fraction during exercise could quantify the | 
extent of coronary disease, 25 patients underwent first 
pass radionuclide angiography with gold-195m (t% 
30-5 s). Seven patients had normal coronaries (group 
А), 11 had single or double vessel disease (group B), 
and seven had triple vessel disease (group C). Ejection 
fraction was measured at rest, three minutes, six 
minutes, peak, immediately after, and 2 minutes after 
exercise. Ejection fractions did not fall in group A 
during exercise. In group B it fell from 58(10)96 
(mean (SD)) at rest to 51(10)96 at three minutes, and 
47(10)% at peak (both p<0-05 vs rest); after exercise it 
rose to 64(8)% (p<0-05 vs rest). In group C, ejection 


` fraction fell from 57(12)% at rest to 42(9)96 at three 


minutes, and 35(8)% at peak (both p<0-05 vs rest). It 
did not rise above rest after exercise. Seventy per cent 
of group C and 4596 of group B had abnormal exercise 
responses at three minutes, and all group C and 7596 
of group B were abnormal at peak. The rate of change 
of ejection fraction from rest to peak was 
+0-6(0-9)%/min for group A, —2-1(1:7)%/min for 
group В (p<0-01), and —4-7(2:7)%/min for group С 
(p<0-001 vs group A, p<0-05 vs group B), but there 
was overlap between groups A and B and groups B 
and C. 

In conclusion, (a) falls in left ventricular ejection 
fraction at submaximal exercise help identify patients 
with severe coronary disease, (b) the rate and dura- 
tion of ejection fraction depression are related to 
extent of coronary disease but the degree of overlap 
precludes definite anatomical classification in indi- 
viduals, and (c) in patients with single or double vessel 
disease, rapid or sustained falls in ejection fraction 
may suggest similar amounts of muscle at risk as in 
triple vessel disease. 


Three dimensional quantification of left ventricular 
wall motion by ECG gated blood pool emission 
tomography 


S R Underwood, S Walton, P J Laming, P H Jarritt, 
P J Ell, R W Emanuel, R H Swanton 
Middlesex Hospital and Medical School, London 


In equilibrium radionuclide ventriculography, imag- 
ing of the left ventricle is restricted principally to a 
single projection to avoid overlap with the right ven- - 
tricle. This problem can be overcome using the new 
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technique of ECG gated blood pool emission tomog- 
raphy, in which information from multiple projec- 
tions is reconstructed into tomographc sections 
through the intracardiac blood pools. This study 
establishes a simple method for displaying the three 
' dimensional data so obtained, determines a normal 
range for ejection fraction in all regions of the left 
ventricle, and compares wall motion in abnormal sub- 
jects with that determined by x ray contrast ven- 
triculography. Regional ejection fraction was plotted 
on a colour coded circular image, in which the apex 
was represented in the centre, the base around the 
circumference, and all other parts of the ventricle 
were represented in between. The image was divided 
into 15 segments, and normal segmental ejection frac- 
tion was defined as within two standard deviations of 
the mean in a group of 10 normal subjects. In 25 
subjects with coronary artery disease, motion of the 
anterior, apical, and inferior walls agreed in every case 
with the right anterior oblique contrast ventriculog- 
ram, but in 12 of these, the three dimensional ejection 
fraction image showed abnormal septal motion in 
addition. In all 12 there was disease of the left anterior 
descending coronary artery. 

ECG gated blood pool emission tomography thus 
provides an accurate quantitative assessment of left 
ventricular wall motion in three dimensions and has 
significant advantages over conventional planar tech- 
niques. 


Measurement of valvular regurgitation by first pass 
‘radionuclide angiocardiography 


S Walton, S R Underwood, P J Ell, R H Swanton, 
R W Emanuel 

Departments of Cardiology and Nuclear Medicine, 
Middlesex Hospital and Medical School, London 


A novel technique is described for the measurement 
of valvular regurgitation. After bolus administration 
intravenously of 740 MBq of 99m technetium per- 
technetate activity is sampled over the lung and left 
ventricle and flow calculated from the resulting indi- 
cator dilution curves. In mitral or aortic regurgitation 
tracer passing to and fro across the valve is sampled 
more than once in the ventricle but not the lung. The 
area under the ventricular, but not the pulmonary, 
curve will be overestimated, and thus flow will be 
underestimated. This effect should be proportional to 
the degree of regurgitation. In 24 normals the ratio of 
pulmonary to left ventricular flow (Pf/LVf) had a 
gaussian distribution with a mean value of 1-0 and 


standard deviation (SD) of 0-1. The mean PELVÍ : 
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ratio of 14 further subjects without valvular regurgita- 
tion but with reduced left ventricular ejection fraction 
(0-45—0-17, mean 0-35) was also unity. All values dif- 
fered 2SD from the mean of the normals. All of 20 
subjects with valvular regurgitation did, however, 
manifest abnormally low Pf:LVf values. The distribu- 
tion in these subjects was skewed to the left, reflecting 
varying degrees of valvular regurgitation with a modal 
value of 0-7 and a range of 0-4-0-8. 

The ratio Pf:LVf can be used to quantify valvular 
regurgitation. It is simple to perform, non-invasive, 
and independent of impaired left ventricular contrac- 
tion. 


Magnetic resonance cine imaging of the human 
heart 


J P R Jenkins, J W Waterton, H G Love, Zhu Xiao 
Ping, I Isherwood, D Rowlands 

Departments of Diagnostic Radiology and 
Cardiology, University of Manchester, Manchester 


A new method which allows five magnetic resonance 
sections to be produced at the same anatomical level at 
predetermined points in the cardiac cycle has been 
developed. This has been achieved by modifying an 
ECG gate spin echo sequence. А further five sections 
can be interleaved by repeating the sequence and 
employing a gating delay. The five to 10 sections pro- 
duced are then displayed in a cine mode. A Picker 
International superconducting magnet operating at 
0-26 Tesla has been used to collect the anatomical 
data. The cine sequence has been obtained on an 
independent IGE system. Five volunteers and four 
patients have been studied. By using the coronal plane 
for cine display direct comparison can be made with 
left ventricular angiography. Myocardial thinning, 
localised areas of dyskinesia, and valvular motion are 
clearly visualised. Subjective estimates can be made of 
left ventricular ejection fraction and further work is in 
progress to determine objective measures of cardiac 
function. A signal observed in the great vessels and 
pulmonary circulation should permit further study of 
blood flow. 


Nuclear magnetic resonance imaging in 
hypertrophic cardiomyopathy and hypertension 


M Been, D M Kean, M A Smith, R H B Douglas, 
A L Muir 
NMR Unit, Royal Infirmary, Edinburgh 


Proton nuclear magnetic resonance (NMR) permits 
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visualisation of cardiac structures, and with meas- 
urement of the spin-lattice relaxation time (T) tissue 
characterisation may be possible. We have explored 
the capability of calculated T, images, obtained from 
inversion recovery and saturation pulse sequences 
using a low field (0-08T) resistive magnet to differen- 
tiate between normal and hypertrophied hearts. Ele- 
ven patients with hypertrophic cardiomyopathy diag- 
nosed either by echocardiography or by cardiac 
catheterisation were compared with 11 age matched 
volunteers and 11 patients with hypertension and 
electrocardiographic evidence of left ventricular 
hypertrophy (LVH). The ratio of septal to LV thick- 
ness in patients with LVH measured by NMR was 
0-8(0-2) (SD) апа by echocardiography 0-9(0-3). In 
patients with hypertrophic cardiomyopathy the ratio 
was 1-5(0-8) апа 1-6(0-6) respectively. Septal area in 
volunteers was 2-7 cm? compared with 4-6 cm? and 
6:2 cm? for patients with LVH and hypertrophic car- 
diomyopathy. Corresponding areas for LV free wall 
were 3-7, 6:3, and 6-1 cm?. For all groups septal T, 
was higher than free wall T,. 

NMR allows two dimensional estimation of septal 
and free wall mass without the limitations of echocar- 
diography. Gated NMR will improve accuracy and 
precision and allow more subtle differences in T, to 
be observed. 


Magnetic resonance imaging of the human heart 


Н С Love, J P R Jenkins, I Isherwood, D Rowlands 
Departments of Diagnostic Radiology and 
Cardiology, University of Manchester, Manchester 


ECG gated and non-gated magnetic resonance studies 
have been performed in 22 volunteers and 30 patients 
with proven cardiac disease. The contours of the ven- 
tricular and atrial chambers together with major ves- 
sel morphology can be identified on non-gated 
images. Image quality improved significantly during 
ECG gated studies and allowed identification of many 
additional features. The transverse axial plane permit- 
ted evaluation of ventricular and atrial size and of 
myocardial thickness. The morphological features of 
each chamber and their associated valves were clearly 
identifiable. The mid-coronal plane approximates best 
to the right anterior oblique left ventricular angiog- 
ram. Using this plane, particularly in the cine mode, 
it has been possible to identify localised areas of wali 
thinning and to assess regional wall motion. It is con- 
cluded that non-gated magnetic resonance imaging is 
a useful method of examining the great vessels and 
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may be used to identify all cardiac chambers. ECG- 
gated magnetic resonance, however, significantly 
improves image quality enabling the internal mor- 
phology of the heart to be examined in considerably 
greater detail. Areas of myocardial thinning are read- 
ily detectable and estimates of left ventricular wall 
motion can be made. Magnetic resonance imaging was 
performed on a Picker International superconducting 
magnet operating at 0-26 Tesla. 


Ventricular arrhythmia surgery based on a new 
mapping ; 


R W F Campbell, P Kertes, С Griffiths, D S Reid, 
C J Hilton 

Department of Cardiology, Freeman Hospital, 
Newcastle upon Tyne 


In 17 patients with recurrent medically intractable life 
threatening ventricular tachycardia or ventricular 
fibrillation, arrhythmia surgery was based on elec- 
trogram mapping in sinus rhythm. The patients were 
aged 32 to 65 years; 16 had had a myocardial infarc- 
tion (three weeks to 15 years previously) and one had 
a "normal" heart. In the ischaemic patients the mean 
ejection fraction was 25% (range 13-44%). Epicardial 
and endocardial maps (53 and 36-48 points respec- 
tively) were obtained in sinus rhythm in all patients. 
Mapping during the arrhythmias was possible in only 
seven patients. Fragmentation (electrogram duration 
>100 ms) in sinus rhythm was used to identify areas 
for endocardial resection. Fragmentation always 
extended beyond any aneurysm resection line but was 
not always associated with visually abnormal 
endocardium. In the one patient with a “normal” 
heart, fragmentation was present throughout the left 
ventricle and almost all the left ventricular endocar- 
dium was resected. Resection was supplemented by 
coronary artery bypass grafting in 10 patients, and 
aneurysmectomy in 12 patients. The operative mortal- 
ity was 3096 (four pump failure, one infection). Durng 
a mean follow up of 13-8 months (range 2 months to 
3-2 years) there have been no arrhythmia recurrences 
or late deaths. 

Thus effective surgery for refractory ventricular 
tachycardia and ventricular fibrillation can be based 
on electrogram characteristics determined during 
sinus rhythm. Arrhythmia surgery is now possible in 
situations where peroperative arrhythmia maps are 
unobtainable (for example, ventricular fibrillation). 
Morever, as this technique is applied in haemodynam- 
ically stable conditions, the risks of preoperative 
myocardial damage may be minimised. 
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Exercise electrophysiology study of arrhythmias 


] € P Crick, P Holt, C Bucknall, P V L Curry, 
E Sowton 
Guy's Hospital, London 


Eighteen patients with tachycardias have been inves- 
tigated with programmed stimulation studies during 
erect maximum exercise. Fifteen patients had leads 
placed in the right atrium, coronary sinus, or right 
ventricle and two leads were used in three patients. In 
12 cases an active fixation screw-in lead was used in 
the right atrium. All leads were inserted percutane- 
ously via a subclavian vein. In 12 of the 18 (67%) 
patients the exercise study revealed arrhythmias 
which could not be induced at rest even following 
atropine. These arrhythmias included atrial fibrilla- 
tion (seven), re-entry tachycardia (six), atrial flutter 
with block (one), and ventricular fibrillation. PR 
interval changes were also disclosed. In one patient 
with Wolff-Parkinson-White syndrome atrial fibrilla- 
tion induced at rest was well tolerated but during 
exercise caused syncope. There were no complications 
from the studies. In 10 of the 18 cases the manage- 
ment was changed as a result of the exercise findings. 
In many patients it is no longer adequate for elec- 
trophysiological studies to be performed only at rest. 


Atrioversion—conversion of atrial flutter in man 
using a long constant current pulse 


A D Cunningham, J A Kennedy 
Cardiac Department, Western Infirmary, Glasgow 


This study evaluated a new technique of electrical 
stimulation, atrioversion, in the treatment of atrial 
flutter (AFL). Atrioversion uses a single constant cur- 
rent impulse, with pulse width (mean 250 ms) longer 
than the AFL cycle length. Rapid atrial pacing is 
widely used to convert AFL; a review of 22 papers 
shows that conversion to sinus rhythm (SR) occurred 
in 48% of cases, and that a long duration of flutter or 
digitalisation or both lowered the success rate of rapid 
pacing. Atrioversion was used to treat 65 cases of 
spontaneous AFL in 59 patients (46 male, 13 female, 
mean age 54 years). Ten were converted using one to 
three conventional coupled extrastimuli (nine to SR, 
one to atrial fibrillation (AF). In the remaining 55, 
atrioversion produced sinus rhythm in 28 (53%). AF 
occurred in 20 (36%), and in six (11%) AFL persisted. 
Nine patients spontaneously returned to sinus rhythm 
from AF. SR was regained immediately in 37 of the 65 
(5796) cases, and overall in 47 (7296). The most impor- 
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tant factor affecting success rate was selection of a 
suitable atrial stimulation site. When conventional ms 
pulse width stimuli delivered during AFL produce 
return cycles which are not fully compensatory, a type 
I response is seen; longer return cycles define type I1 
sites. For type I and II sites, immediate conversion to 
SR was 7296 and 4896; the difference was significant 
(p 0-01). It is presumed that a type I site is closer to 
the origin of the flutter. Duration of flutter and 
digoxin were not shown to significantly affect conver- 
sion rate. Atrioversion has a high success rate in con- 
verting atrial flutter to sinus rhythm and, with opti- 
mal catheter positioning, is more successful than 
rapid atrial pacing (p 0-015). Its usefulness in other 
arrhythmias is being evaluated. 


Repetitive ventricular responses in at risk patients 
following myocardial infarction: relationship to left 
ventricular function 


C W Pumphrey, J D Skehan, M T Rothman 
The London Hospital, London 


Although ventricular function is accepted as the prin- 
cipal factor in determining survival following 
myocardial infarction, it remains to be established 
whether additional prognostic information may be 
obtained by studying rhythm abnormalities provoked 
by ventricular electrical stimulation. Such responses 
were studied within one month of infarction in 90 
consecutive patients considered “ат risk" because of a 
positive early submaximal exercise test. À positive 
electrical response was defined as 4 or more spontane- 
ous ventricular beats after delivery of either single or 
extrastimuli at diminishing intervals to the right ven- 
tricle in sinus rhythm or at paced cycle lengths of 600 
and 500 ms. Eight of 48 patients with anterior and 11 
of 42 patients with inferior infarcts had positive 
responses. These 19 patients with a positive response 
had a similar mean ejection fraction (54-7(18-0)% vs 
46-9(17-6)%) and regional ventricular wall motion 
score (19-7(4-6) vs 19-8(6-0)) compared with the 71 
patients with a negative response (14 of whom had an 
ejection fraction of <35%). Significant abnormalities 
on 24 hour ECG monitoring were found in five of 19 
patients with a positive response compared with seven 
of 71 patients with a negative response. Four of 70 
patients followed for a minimum of three months 
(mean 7-9 months) have died. All four patients had 
positive electrical responses, but only one had an 
abnormal 24 hour ECG. Nevertheless, these four 
patients had a lower mean ejection fraction, 
(26-6(12-4)% vs 59-0(14- D96) and higher mean wall 
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motion score (24-0(6-9) os 20-8(5-1) compared with 
those patients with positive electrical responses who 
have survived. This suggests that positive electrical 
responses are not related to ventricular function and 
may indicate a poor prognosis in those patients with 
severe ventricular dysfunction. 


Effects of iloprost, a stable prostacyclin analogue, 
on exercise tolerance and platelet aggregation in 
patients with stable angina pectoris 


R Bugiardini, C Gridelli, D Ferrini, M Galvani, 
P Puddu, S Lenzi 
Clinica Medica II, University of Bologna, Italy 


Prostacyclin and its analogues combine in one 
molecule two properties—coronary dilatation and 
anti-platelet acion—which seem extremely promising 
for the treatment of stable angina pectoris. Accord- 
ingly we assessed the effects of iloprost, a chemically 
stable compound which has been shown to have pros- 
tacyclin mimetic activities, on exercise tolerance and 
platelet aggregation in 24 patients with effort angina 
and proven critical (27096) coronary artery disease. 
Upright bicycle ergometer testing (25 W increments 
every 2 min) was performed during iloprost (6 ng/kg 
per min) or placebo infusion and 30 and 60 minutes 
later, using a crossover randomised síngle blind pro- 
tocol. Samples for measurements of adenosine 
diphosphate (ADP) induced platelet aggregation were 
obtained before and throughout the study. Compared 
with placebo, intravenous iloprost administration 
consistently (p« 0-001) prolonged exercise duration 
(mean (SD): 511(142) vs 436(146) s) and time to onset 
of significant (0-1 mV) ST segment depression 
(368(140) vs 285(122) s). Also, angina occurred at a 
higher (p<0-001) heart rate (138(11) vs 130(13) 
beats/min) and rate pressure product (26-2(3-0) os 
23-5(2-9)x 103U). Similar differences in exercise dura- 
tion and time to onset of ST segment depression were 
observed when comparing placebo with iloprost 30 
minutes after infusion. Changes in platelet aggrega- 
tion paralleled those in exercise duration and a 
marked decrease in ADP induced platelet aggregation 
during exercise was found concurrently with iloprost 
infusion (by 78(12)%) and 30 minutes later (by 
52(16)96). No significant differences in exercise toler- 
ance and platelet aggregation were observed between 
placebo and iloprost 60 minutes after their infusions. 

We conclude that (а) iloprost administration 
improves exercise tolerance in patients with stable 
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exertional angina pectoris; and (b) improvements are 
independent of changes in the major determinants of 
myocardial oxygen demand and are associated with 
markedly reduced platelet aggregation. Benefits in 
exercise tolerance might be due to diminished release 
of vasoactive platelet derivatives and increased 
myocardial perfusion. 


Effects of placebo on indices of exercise induced 
myocardial ischaemia—an objective analysis 


RS Kohli, N S Khurmi, A Lahiri, M Bowles, 
EB Raftery 

Northwick Park Hospital and Clinical Research 
Centre, Harrow, Middlesex 


It is known that placebo can influence the frequency 
of anginal attacks favourably, but there is no clear 
consensus on exercise tolerance. This has consider- 
able implications for the ethics of placebo periods in 
clinical trials of antianginal drugs. We have analysed 
the effects of placebo in 150 patients (135 male, 15 
female) aged 42—75 years with stable exertional angina 
pectoris who had participated in single and double 
blind studies. Multistage treadmill graded exercise 
testing (modified Chung's protocol), using online 
computer analysis of the electrocardiogram (Mar- 
quette CASE I), was performend after the patients 
had been on no treatment for at least two weeks and 
after two weeks of oral treatment with placebo three 
times a day. The leads monitored were CC5 and CM5 
and recorded as 25:1 computer averaged complexes. 
The tests were performed at a controlled temperature 
between 20°С and 24°С on the same equipment bet- 
ween 09-00 and 11-00. Although 20% of the patients 
Showed subjective improvement, the objective meas- 
urements were not altered by placebo. The mean 
(SEM) exercise time untreated was 6-0(0-2) minutes 
and with placebo was 6:1(0-2) minutes (NS). Simi- 
larly, the 1 mm ST depression time was 4-0(0-2) 
minutes with no treatment and 4-1(0-2) minutes after 
placebo (NS) and the resting and maximal heart rates 
were 74(1) and 124(1) beats/min respectively untre- 
ated and 73(1) and 122(1) beats/min respectively after 
placebo treatment (NS). The placebo failed to show 
any effect on maximum ST segment depression. 
These results question the need for placebo control in 
antianginal drug trials which use exercise testing for 
the evaluation of effect. 
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A modified Bruce protocol compared with the 
original 


C J Reid, S Subhedar, R B Pridie 
Harefield Hospital, Harefield, Middlesex 


The Bruce protocol is widely used in exercise ECG 
testing for the recognition of myocardial ischaemia. It 
has the disadvantage of taking a considerable time to 
perform, and some patients stop prematurely before 
the age predicted heart rate has been achieved. Such 
tests are inconclusive. Їп an attempt to overcome 
these difficulties, the stages of the Bruce regimen were 
reduced from three minutes to one minute. À com- 
parison was made of 25 patients undergoing the full 
Bruce protocol (B) and the same patients doing a mod- 
ified exercise test (А) with similar increments of speed 
and gradient but progressing at one minute intervals. 
At least one hour elapsed between the two tests. Half 
the patients did A first and half B. Group 1 (п=17) 
were on beta blocking drugs and group 2 (n=8) were 
not. All patients who had a positive exercise test on B 
also had a positive test on A. The mean heart rate of 
group 1 rose from 57.2 to a maximum of 116-5 
beats/min on А and from 61:3 to 109-6 beats/min on 
B. Group 2 maximum heart rate rose from 72-3 to 
155-6 beats/min on A and from 69-3 to 138-6 beats/ 
min on B. The difference is not statistically different 
(p>0-01). The mean maximal systolic blood pressure 
response was not significantly different between the 
two protocols. The mean ST depression at maximum 
heart rate was 1-95 mm (range 0-5-2-6) on regimen A 
and 2:18 (0-6-2-9) on B in group 1 and 0-73 (0-1-1-7) 
on protocol А and 0-76 (0-1-1-9) on B. The average 
duration of exercise on protocol А was 4-9 mins and 
on B 8-6 mins. These results show that the modified 
. protocol (A) is entirely comparable to the conven- 
tional Bruce protocol and much less time consuming. 


Elevated diastolic blood pressure response to 
exercise testing when coronary artery disease is 
suspected: an indication of severity 


F Akhras, J Upward, G Jackson 
Cardiac Department, King's College Hospital, 
London 


Our objective was to evaluate the significance of a 
rising diastolic blood pressure during exercise. One 
hundred and two consecutive patients with a history 
of chest pain underwent maximal symptom limited 
treadmill stress testing and coronary angiography. 
The diastolic blood pressure response to exercise was 
evaluated independently of ST segment change and 
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systolic blood pressure (SBP). In the presence of a 
normal systolic blood pressure response an increase in 
DBP of 15 mm Hg on at least two determinations 
during the same stage of exercise was considered 
abnormal. Of the 61 patients with normal DBP 
response, the ST segment change was positive for 
ischaemia in 25. Seven of these had three vessel coro- 
nary artery disease. Of the 38 patients with an abnor- 
mal DBP response, 27 had a positive exercise ECG for 
ischaemia. Eleven patients had a negative exercise 
ECG. Of these, one had left main stem disease, seven 
had three vessel disease, and the remaining three had 
two vessel disease. In these 11 patients the diastolic 
blood pressure response to exercise was abnormal. ST 
segment analysis showed that patients with abnormal 
diastolic blood pressure had more ST segment depres- 
sion than those with a normal diastolic blood pressure 
response (1-48(0-17) vs 0-93(0-16), p<0-05). In addi- 
tion there were significantly more patients developing 
angina (78% vs 31%) at a significantly reduced exer- 
cise time in the group of patients with an abnormal 
diastolic blood pressure when compared with those 
showing a normal response (5-3(1-8) vs 7-6(1-7) mins, 
p<0-001). 

Thus an abnormal diastolic blood pressure response 
to a maximal symptom limited treadmill stress test is a 
useful additional indicator of the severity of coronary 
artery disease and may be of special clinical value 
when the ST segment response is normal or border- 
line. | 


Long term follow up of ST segment reciprocal 
change in acute myocardial infarction: correlation 
with exercise testing and coronary angiography 


F Akhras, J Upward, G Jackson 
Cardiac Department, King's College Hospital, 
London 


Our objective in this study was to evaluate the 
significance of ST segment "reciprocal" changes 
defined as >1 mm in the ECG leads other than those 
reflecting acute myocardial infarction. Eighty five 
consecutive uncomplicated cases of acute myocardial 
infarction were studied prospectively with maximal 
symptom limited treadmill stress tests at two weeks 
and coronary angiography at six weeks post infarc- 
tion. Forty six patients had inferior, 34 anterior, and 
five true posterior infarction. Of the 51 patients with 
reciprocal changes, 45 (8896) developed exercise 
induced ST segment depression in areas remote from 
the infarction zone. At angiography all 45 were shown 
to have stenoses >70% in at least two major vessels. 
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Four patients had negative exercise ECGs and were 
subsequently shown to have single vessel coronary 
artery disease subtending their. infarct, and the 
remaining two patients had a false negative treadmill 
result. Of the 34 patients without reciprocal changes, 
21 (6296) had a negative treadmill stress test associated 
with single vessel disease, five had a positive stress test 
and multivessel disease, and one had a false negative 
stress test. The remaining seven patients had ST seg- 
ment elevation without Q wave formation in the 
reciprocal areas. Of these, six had positive stress tests 
and multivessel disease and one had a negative test 
and single vessel disease to the infarct area. At follow 
up (36 months) of the 51 patients with reciprocal ST 
segment change, 36 became symptomatic and 29 of 
these underwent coronary bypass surgery. By con- 
trast, only seven of the 34 patients without reciprocal 
ST segment change developed symptoms and three of 
these underwent coronary revascularisation. Recip- 
rocal ST segment depression at the time of acute 
myocardial infarction may identify patients with 
significant coronary artery disease and when positive 
appears to be as reliable as early post infarction 
treadmill stress testing in predicting the underlying 
coronary anatomy. Nevertheless, when negative, 
treadmill testing provides valuable diagnostic infor- 
mation. 


The role of ambulatory ST segment monitoring in 
clinical practice 


А А Quyyumi, Christine Wright, Lorna Mockus, 
K M Fox 
National Heart Hospital, London 


The role of 48 hour ambulatory monitoring was inves- 
tigated in 100 consecutive patients with chest pain 
undergoing stress testing and arteriography. Patients 
were off antianginal medication. Nineteen per cent of 
patients with normal coronaries had reversible ST 
changes (specificity 7796), of whom only 3-896 had 
proven coronary spasm. ST changes occurred in 7096 
of patients with coronary artery disease; 7396 had 
positive stress tests. Three vessel disease was detected 
more efficiently than single vessel disease, but poor 
left ventricular function was more often associated 
with the absence of ST changes (p« 0-01). Ninety six 
rer cent had episodes of ST depression and 4% also 
had ST elevation. The frequency, duration, and mag- 
nitude of episodes were greater in patients with more 
severe disease and lower exercise tolerance in whom 
the heart rate at the onset of ST depression tended to 
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be lower. Nocturnal ST changes occurred in 1596 of 
patients (three vessel disease or left main stenosis), 
but a third did not complain of any rest pain. No 
correlation existed between the history of pain and 
either the severity of coronary artery disease or fre- 
quency of ST changes. Only 7696 of patients with 
frequent pain (> l/day) had ST changes, whereas 6696 
of patients with infrequent pain (< l/week) also had 
changes in 48 hours of monitoring. Painful ST 
changes (3396 of total) occurred with similar fre- 
quency in patients with varying severity of coronary 
artery disease. Thus the history was not a sensitive 
indicator of the frequency of underlying ischaemia 
(ST changes). If therapy is to be tailored to the type of 
angina (rest/exertional) ambulatory ST monitoring is 
desirable. 


Exercise.testing and arrhythmia monitoring 
predicts triple vessel disease post infarction 


E D Bennett, D Mannering, D Ward, M Dancy 
Department of Medicine 1, St George's Hospital . 
Medical School, London 


In order to investigate the associations between blood 
pressure (BP) response, time to onset of ST segment 
depression during exercise, and subsequent coronary 
anatomy routine exercise stress testing was under- 
taken in 93 patients three weeks post infarction. BP 
was measured at rest and post exercise. Thirty seven 
(40%) patients had a positive test and underwent 
coronary angiography. The percentage rise in systolic 
BP on exercise was 27(2)% for those with a negative 
test, and 27(4)% and 23(6)% for those with single and 
double vessel disease respectively. In marked con- 
trast, those with triple vessel disease only increased 
BP by 5(2)% (p<0-005). Onset time to 1 mm ST 
depression was 4-6(0-5) min and 4-2(0-8) min for 
single and double vessel disease compared with 
2-1(0-4) min for those with triple vessel disease 
(p<0-01). In 65 patients, 24 hour ECG taping was 
undertaken eight days post infarction. The mean 
Lown score was 1-9(0-2) in those with a negative test, 
3-0(0-4) for a positive test (p<0-01), 1-3(0-3) for single 
vessel disease, 2-6(0-7) for double vessel disease, and 
3-2(0-3) for triple vessel disease (p<0-01). 

Triple vessel disease post infarction relates to early 
onset of ST depression, poor exercise BP response, 
and significantly increased ventricular arrhythmias. 
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Prognostic value of non-invasive investigations in 
the management of the post myocardial infarction 
patient 


D P Murray, В G Murray, E Rafiqi, W A Littler 
Department of Cardiovascular Medicine, University 
of Birmingham, and East Birmingham Hospital, 
Birmingham 


The ability of non-invasive techniques to predict 
further cardiac events and multiple vessel coronary 
disease was investigated in 46 apparent low risk sur- 
vivors of acute myocardial infarction. Exercise elec- 
trocardiography (ETT), rest/exercise thallium-201 
(T1-201) scintigraphy, and rest/exercise radionuclide 
angiography (RNÀ) were performed prior to hospital 
discharge. At investigation, half were beta-blocked 
and thereafter all patients were given prophylactic 
beta blockade. Coronary arteriography was performed 
at three months post discharge. During a mean follow 
up of 12(4) months, 12 patients (2696) experienced 
cardiac events (recurrent myocardial infarction, three 
patients; angina pectoris, 11 patients; coronary 
surgery, six patients). No patient died during the fol- 
low up period. Ten of the 12 were identified by Tl- 
201 scintigraphy (reversible image defect) or positive 
ETT, and seven displayed abnormal left ventricular 
exercise reserve. The predictive accuracy of T1-201, 
ETT, and RNA for cardiac events was 8796, 7696, and 
5796 respectively and was not influenced by beta 
blockade. T1—201 specificity for cardiac events (88%) 
exceeded that of ETT (76%) and RNA (5696; 
p<0-01). The predictive accuracy of TI-201, ETT, 
and RNA for multivessel disease was 89%, 70%, and 
80% respectively. Nevertheless, arteriographic mul- 
tivessel disease, although 100% sensitive, was a non- 
specific predictor (5296) for subsequent cardiac 
events. 

Thus Tl-201 scintigraphy appeared to be the tech- 
nique of choice for the assessment of patients follow- 
ing myocardial infarction both in terms of subsequent 
cardiac events and predicting multiple vessel disease. 
The accuracy of the technique was not reduced by 
beta blockade. 


Does intravenous loading with amiodarone hasten 
the appearance of an electrophysiological effect? 


M S Perelman, E Rowland, W J McKenna, 

D M Krikler 

Cardiovascular Unit, Royal Postgraduate Medical 
School, Hammersmith Hospital, London 

The significant 


delay between starting oral 
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amiodarone and the demonstration of an antiar- 
rhythmic effect is an important problem when treat- 
ing "malignant" arrhythmias. We have assessed 
whether intravenous loading will accelerate the 
appearance of an electrophysiological change. Eleven 
patients were randomly allocated to either intravenous 
or oral loading with amiodarone, given over 30 hours. 
А bipolar electrode was placed at the right ventricular 
apex and at least 24 hours later the baseline effective 
refractory period determined. Six patients received 
intravenous amiodarone by a constant infusion (0:65 
mg/kg/h): three into an antecubital vein and three 
into a central vein. Five patients received oral 
amiodarone (0-85 mg/kg/h) given as divided doses (10 
mg/kg/12 hourly). The refractory period was deter- 
mined at a constant cycle length (S,-S,) of 500 ms at 
baseline and then serially at 6, 12, 18, and 30 hours 
after starting amiodarone. At the same times 
amiodarone and desethyl amiodarone serum concent- 
rations were measured. After oral amiodarone the 
refractory period did not increase until 30 hours 
(p=0-022); with intravenous loading the refractory 
period was significantly increased at 18 hours 
(p=0-032) and at 30 hours showed further lengthen- 
ing (p=0-0043). Two patients receiving intravenous 
amiodarone experienced nausea, while the three 
patients in whom the intravenous amiodarone was 
given into a peripheral vein developed thromboph- 
lebitis necessitating a change of infusion site. One 
patient receiving oral amiodarone felt faint without a 
change in blood pressure. | 

While intravenous loading hastens the onset of an 
electrophysiological effect there is still a significant 
hiatus during which protection against arrhythmias is 
likely to be inadequate. 


What is “controlled atrial fibrillation”? 


D W Pitcher, M Papouchado, M A James, J R Rees 
Bristol Royal Infirmary, Bristol 


Ambulatory 24 hour ECGs were recorded in 66 
patients with chronic atrial fibrillation judged clini- 
cally to be adequately controlled. Recordings were 
analysed to assess fastest and slowest heart rates in 
each hour, duration of pauses, and the nature and 
frequency of ventricular arrhythmias. Maximum 
heart rates occurred during the day in all patients, 
ranging from 84 to 188 beats per full minute, and 
exceeding 150 beats/minute in 18 patients (27%). 
Slowest heart rates ranged from 34 to 82 beats/ 
minute, occurred at night in 63 patients (95%), and 
were less than 40 beats/minute in 12 patients (18%). 
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Pauses longer than 1-5 s occurred at night in 59 
patients (8996) and during the day in 35 (5396). Pauses 
longer than 2-0 s were seen in 44 patients (67%) and 
13 (20%) had pauses lasting between 3-1 and 4-0 s. 
Only two patients had no ventricular arrhythmias. 
More than 500 ventricular extrasystoles per day were 
recorded in 38 patients (58%). Twenty patients (30%) 
had other ventricular arrhythmias including frequent 
couplets, bigeminy, and ventricular tachycardia. In 
59 patients taking digoxin fastest heart rates, noctur- 
nal bradycardia, length of pauses, and ventricular 
arrhythmias all correlated poorly with serum digoxin 
levels. 

Thus in patients with clinically “controlled” atrial 
fibrillation ambulatory ECG recordings may show 
marked variations in heart rate despite apparently 
appropriate suppressant therapy. Nocturnal 
bradycardia and asymptomatic pauses of up to 4 s 
duration may occur without digoxin toxicity and do 
not warrant cardiac pacing. Ventricular arrhythmias 
are common without digoxin excess and are probably 
due primarily to the underlying heart disease. 


Ambulatory monitoring of atrial-electrograms 


D W Davies, J C P Crick, P M Holt, P V L Curry, 
E Sowton 
Guy’s Hospital, London 


One of the limitations of conventional ambulatory 
ECG monitoring is the difficulty in reliably detecting 
the P wave. Using a two channel ambulatory ECG 
recorder, we monitored the endocardial atrial elec- 
trogram obtained with a temporary bipolar screw-in 
lead in 18 patients and with a conventional temporary 
bipolar electrode positioned in the coronary sinus in 
two patients. A surface ECG lead (CM5) was recorded 
simultaneously on the second channel. Clear electrog- 
rams were obtained in all cases; initial mean amp- 
litude 1-38 (range 0-7-2-8) mV with final amplitudes 
of 1-1 (range 0-4—2-2) mV. A mean initial injury cur- 
rent of 0-76 (range 0-3-2-1) mV was seen in 17/18 
patients with the screw-in lead falling to 0-54 (range 
0-2-4) mV after 24 hours. In nine patients with acces- 
sory AV conduction pathways, spontaneous arrhyth- 
mias were not seen during the recording period but 
the electrode was used to initiate and terminate re- 
entry tachycardia under different autonomic settings. 
Tachyarrhythmias were seen in nine patients: four, 
atrial, four, ventricular, and one, Coumel. In all 
cases, useful or diagnostic information, not available 
from the surface ECG, was provided by the atrial elec- 
trogram. The electrode was used to terminate atrial 
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flutter in two patients, Mobitz II AV block was seen 
in one patient in whom the electrode did not provide 
additional information whereas'in another patient 
with apparent AV dissociation оп the surface ECG the 
atrial electrogram revealed PR alternans during sinus 
rhythm. There were no displacements or complica- 
tions. We conclude that in selected patients with 
tachyarrhythmias, ambulatory monitoring of the - 
atrial electrogram is a safe and useful addition to the 
technique of ECG monitoring offering an occasional 
therapeutic option. 


Ventricular tachycardia misdiagnosed as 
supraventricular tachycardia 


M Dancy, Linda Scaffidi, A J Camm, D Ward 
Cardiology Departments, St George’s Hospital and St 
Bartholomew’s Hospital, London 


The differential diagnosis of broad QRS complex 
tachycardias can be difficult and despite well defined 
criteria misdiagnosis of ventricular as supraventricu- 
lar tachycardia with aberration is still common. Over 
a five month period in two institutions we have seen 
21 instances of this problem. The history and 62 12 
lead ECGs during ventricular tachycardia (VT) were 
reviewed to see if strict application of existing criteria 
would have enabled earlier correct diagnosis. In 16/21 
patients there was a past history of myocardial infarc- 
tion, 9/21 had a documented LV aneurysm, and 10/21 
had previous ECG evidence of complex ventricular 
ectopy. VT was haemodynamically stable in 14/21. In 
10/21 patients and 3496 of ECGs diagnostic features of 
VT were present (AV dissociation, fusions, captures). 
QRS width was >140 ms in 5896 of episodes. Left 
bundle branch block QRS type was seen in 18%, right 
bundle branch block type in 3196, and indeterminate 
in 5196. 1:1 retrograde conduction was seen in 8%, left 
axis deviation (<—45°) in 37%, and precordial QRS 
“concordance” in 2696. In 4/21 patients two or more 
QRS types during separate episodes were noted. In 
19/21 verapamil was given intravenously on at least 
one occasion and never with success, In 17/21 patients 
intracardiac studies proved a ventricular origin. Care- 
ful analysis of ECGs could have resulted in correct 
diagnosis in most cases with consequent important 
influences on subsequent management. Other fea- 
tures which appeared to contribute to misdiagnosis 
included reluctance to make a diagnosis of VT, mis- 
conception that VT always causes circulatory col- 
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lapse, failure to take into account past history, and 
unwilingness to change an established diagnosis. 
These patients highlight the importance of careful 
review of all data before VT is excluded and inap- 
propriate management instituted. 


Death and damage after multiple DC 
countershocks 


Carol M Wilson, J D Allen, A A Jennifer Adgey 
Cardiac and Physiology Department, Royal Victoria 
Hospital and Queen's University, Belfast, N Ireland 


Many patients who receive multiple defibrillator 
shocks have a poor prognosis. Is this due to the under- 
lying disease or to adverse effects of the shocks? 
Greyhounds (25-4(0-79) kg), with a heart weight com- 
parable to that of man, were anaesthetised with pen- 
tobarbitone (30 mg/kg) and received either 1, 5, or 10 
synchronised transthoracic shocks of 400 J at intervals 
of 30 s from a Lown-type defibrillator. Acute mortal- 
ity increased with increasing numbers of shocks (one 
shock 0/6; five shocks 8/18; 10 shocks 12/17: 
p«0-025). The terminal ECG showed unco-ordinated 
irregular atrial and ventricular activity, progressing 
within minutes to asystole. Electron and light micros- 
copy at this time showed no reproducible lesions in 
the contractile apparatus. Three days after the shocks 
the hearts of five survivors in each group were 
excised. These were sliced and incubated in 196 
triphenyltetrazolium chloride (TTC). The one shock 
group showed little damage (0-004(0-004) G; mean 
(SEM)), few associated ECG changes, and minimal 
ventricular ectopic activity during the three day sur- 
vival. The five shock (7-2(2-0) G) and 10 shock groups 
(13.1(1-8) G) showed considerable damage with 
transmural right ventricular involvement, acute 
injury changes in the ECG and a late sustained ven- 
tricular tachycardia of the Harris type which was max- 
imal at 24 hours following the shocks. Optimised first 
shock effectiveness is essential to minimise the clinical 
need for 5-10 shocks, associated here with gross car- 
diac damage and acute mortality. 


Haematological and tissue effects of high energy 
ablation 


EGC A Boyd, P Holt 
Departments of Clinical Physics, Bioengineering, and 
Cardiology, Guy's Hospital, London | 


Endocardial ablation has been performed with cathe- 
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ter electrodes on the His bundle or in the coronary 
sinus. Application of the technique to ventricular 
tachycardia (VT) foci could involve the use of elec- 
trodes in the left ventricle (LV). We have therefore 
investigated the tissue and haematological effects plus 
gas production when high energies are delivered via 
standard USCI bipolar catheter electrodes (BE). A 
flexible plastic bag filled with 300 ml of fresh citrated 
blood was suspended in a tank of normal saline. The 
distal electrode of the USCI BE was immersed in the 
blood and 40x 100 J delivered. Gas produced was col- 
lected and analysed and the blood assessed for 
haemolysis. Tissue experiments were performed on 
the left ventricle from freshly killed pigs. Myocardial 
temperature and pressure changes were recorded at 
various depths during delivery of 400 j impulses to 
the endocardium. Forty 100 J shocks produced 0-5 ml 
of gas. Ánalysis showed release of hydrogen and 
reduction of oxygen. There was haemolysis of 396 of 
haemoglobin. The pressure measured was approxi- 
mately 20 psi, 2-5 cm from the electrode at a depth of 
0:5 cm from the endocardium, falling to 5 psi on the 
epicardium. Corresponding temperature rises were 
0-13°C and 0-03°C respectively. 

The small quantity of free gas, slight haemolysis, 
and pressure and temperature changes do not suggest 
that it is unsafe to apply high energies to the left 
ventricle endocardium in man. 


Origin of late potentials defined by ECG signal 
averaging 


R W F Campbell, P Kertes, M Glabus, A Murray, 
C J Hilton 

Department of Cardiology, Freeman Hospital, 
Newcastle upon Tyne 


Late potentials obtained by signal averaging of surface 
ECGs are thought to reflect myocardial depolarisation 
outside the normal duration of the QRS. Their precise 
origin is, however, uncertain. We compared the signal 
averaged ECGs of 11 patients with direct recordings 
of epicardial and endocardial electrograms at surgery. 
Surgery was: coronary grafting in two patients, 
endocardial resection for arrhythmias in six patients, 
aneurysmectomy in three patients. The timing, dura- 
tion, and morphology of electrograms from 53 epicar- 
dial and 36 endocardial sites were compared with the 
averaged surface ECG obtained before or during 
surgery. Late potentials were recorded in seven 
patients (five with arrhythmias, two without). In six 
of the seven patients the timing of epicardial electrog- 
ram fragmentation was closely. correlated with the 
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timing of surface late potentials. Late potentials were 
seen if three or more epicardial sites showed fragmen- 
tation (2100 ms). The seventh patient has QRS wide- 
ning between averaging and surgery. Surgical excision 
of sites of fragmentation abolished late potentials. The 
four patients without late potentials (two with 
arrhythmias) showed no epicardial fragmentation. 
The relationship between endocardial fragmentation 
and late potentials was less clear. In three patients, the 
duration of endocardial fragmentation (more than 
three sites) exceeded that of epicardial fragmentation 
but was not reflected as late potentials. 

We conclude that late potentials represent frag- 
mented delayed ventricular activation occurring pre- 
dominantly in the epicardial myocardium. 


Physiological pacing in children 


J V de Giovanni, E D Silove 
Department of Cardiology, Birmingham Children's 
Hospital, Birmingham 


Active children with symptomatic heart block require 
pacing at constantly high rates to allow for the vari- 
able demand. Physiological pacing, therefore, would 
appear ideally suited for this group of patients but 
there are specific technique problems. We implanted 
dual chamber pacemakers in four patients aged bet- 
ween 11 and 13 years. All had symptomatic complete 
heart block which was congenital in two and followed 
surgical repair for congenital heart disease in the other 
two. The technique differs from implantation in 
adults in allowing lead length for growth. The associa- 
tion of congenital heart disease may enlarge the right 
atrium and encourage early lead displacement, which 
occurred in two of our patients. Associated systemic 
venous anomalies may limit access to endocardial pac- 
ing. Two of our patients had previous demand units 
and have observed significant improvement in activity 
with the physiological system. The other two, paced 
for the first time, have also noticed other benefits in 
addition to the cessation of syncopal attacks. Two 
patients required reprogramming, one initially 
because of exercise induced angina and later for 
pacemaker mediated re-entry tachycardia. 

Physiological pacing in children appears to produce 
significant benefits particularly during exercise, pre- 
dominantly due to the rate response and perhaps to 
the contribution from atrial transport. 
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His bundle ablation using lower energies and an 
active fixation electrode 


P Holt, E Boyd, J C P Crick, E Sowton 
Departments of Cardiology and Clinical Physics and 
Bioengineering, Guy's Hospital, London 


Endocardial ablation of the His bundle has previously 
been attempted using high energies and standard 
catheter electrodes. We have attempted to reduce 
energy requirements by use of an active fixation elec- 
trode. Five patients (four men, one woman) aged 
48—69 years were studied. Four had paroxysmal atrial 
fibrillation (PAF) and one had tachycardias due to 
dual AV nodal pathways (DAVN). Pre-ablation, AV 
node Wenckebach occurred at 150-220 beats/min 
(mean 176/minute), УА  Wenckebach 160—200 
beats/minute (mean 172/minute). À temporary pacing 
electrode was inserted into the right ventricle, and a 
Vitatron Helifix (VH) electrode introduced via the 
right femoral vein and positioned to obtain the maxi- 
mal His bundle deflection. Five shocks (1x25 and 
4x50 J) were delivered via the VH at one minute 
intervals. The other output of the defibrillator was 
connected to a paddle placed on the posterior chest 
wall. Blood for cardiac enzyme estimation was then 
obtained. All patients developed complete heart block 
(CHB) immediately postablation; the two patients in 
atrial fibrillation reverted to regular sinus node activ- 
ity. Complete heart block persisted in two patients 
and was intermittent in one. All required permanent 
pacemakers. Two patients had first degree AV block 
and right bundle branch block one month postabla- 
tion (mean AV Wenckebach 120/minute, VA 100/ 
minute). Ali patients remained asymptomatic. Max- 
imum creatine phosphokinase values occurred one 
hour postablation with no significant rise 1n creatine 
phosphokinase MB. 

'Therefore His bundle ablation can be safely and 
successfully performed using an active fixation elec- 
trode and lower energies. This method may prove 
valuable for ablation of other cardiac sites involved in 
tachyarrhythmias. 


Effect of antiarrhythmic drugs and atríal pacing on 
atrial repolarisation using high gain surface 
electrocardiography 


Nadia M G Debbas, A W Nathan, T Cochrane, A M 
Levy, G S Butrous, A J Camm 

Department of Cardiology, St Bartholomew's 
Hospital, London 


High fidelity (0-16 to 30 Hz), high gain (x 1000 to x 10 
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000) ECGs (leads I, II, and IIT) were recorded from 29 
supine patients with heart block. The P wave duration 
(atrial depolarisation), the length of Ta wave (atrial 
repolarisation), and the total interval were measured 
from five non-conducted atrial events. Progressively 
increasing the atrial pacing rate from 80 to 150 
beats/min resulted in a linear reduction of the PTa 
interval from 430 to 280 ms (rho=0-66, slope 0-29). 
This was due largely to shortening of the Ta compo- 
nent. Atropine (0-02 mg/kg) shortened the PP interval 
(748(96) to 581(69) ms, p« 0-001) and the PTa inter- 
val (386(29) to 355(99) ms, p<0-01). Propranolol 
(0-15 mg/kg) prolonged the PP interval (699(82) to 
826(99) ms, p<0-001) but did not alter the PTa inter- 
val (405(19) to 405(37) ms, NS). Neither dis- 
opyramide (2.0 mg/kg) nor flecainide (2-0 mg/kg) 
altered the PP interval (732(77) to 678(68) ms (NS) for 
disopyramide and 724(91) to 704(52) ms (NS) for 
flecainide) but both prolonged the PTa interval 
(394(14) to 429(13) ms, p<0-001 for disopyramide 
and 400(20) to 433(11) ms, p<0-001 for fiecainide). 
The increase in PTa after flecainide was largely due to 
P wave lengthening (P: 104(11) to 129(18) ms, 
p<0-001; Ta: 296(19) to 304(19) ms, NS) whereas 
after disopyramide most of the PTa increase was due 
to Ta changes (P: 102(8) to 109(7) ms, NS; Ta: 
292(10) to 320(14) ms, p« 0-001). Atropine shortened 
both components of the PTa (P: 102(12) to 95(12) ms, 
p<0-001; Ta: 284(22) to 260(31) ms, p<0-001) and 
propranolol had no effect (P: 104(5) to 105(7) ms, NS; 
Ta: 301(20) to 300(39) ms, NS). : 

In heart block both P and Ta waves can be reliably 
measured and the effects of pacing and drugs on the 
atrial myocardium can be assessed. The results are 
consistent with cellular electrophysiology and similar 
to the effects on the human ventricle. 


Quantitative comparative analysis of argon and 
Nd-YAG laser radiation of normal and 
atheromatous arterial walls 


T J Bowker, S G Bown, P A Poole-Wilson, K M Fox, 
P R Salmon, A F Rickards 

National Heart Hospital and University College 
Hospital, London 


In some cases submitted for percutaneous translumi- 
nal balloon angioplasty the stenosis is too narrow to be 
traversed with the balloon or guide wire or both. An 
alternative approach is to use fibre-optically guided 
laser radiation to vaporise transluminally some of the 
occluding atheroma. The continuous wave Nd-YAG 
and argon lasers employ optical fibres and are used 


101 


clinically. We have quantified the effects of these two 
lasers on normal and atheromatous arterial wall. 
Three hundred and fifty five separate craters were 
made in samples of normal and atheromatous human 
postmortem aortic wall by pulse durations from 0-1 to 
5:0 s of Nd-YAG and argon radiation, of power ranges 
5 to 70 W and 1 to 3 W respectively. Crater depths 
were measured to the nearest 0-05 mm. For both las- 
ers, crater depth was proportional to pulse energy 
rather than power, With Nd-YAG radiation, to main- 
tain crater depths within 0-8 mm the maximum per- 
missible pulse energy was 12 J for normal and 8 J for 
atheromatous aortic wall. For smaller crater depths, 
similar differences in maximum pulse energies were 
noted between normal and atheromatous aortic wall. 
Argon radiation did not show similar selectivity for 
atheromatous aortic wall, the corresponding max- 
imum pulse energies being | J for 1 mm crater depth, 
0:6 J for 0-6 mm, and 0-2 J for 0-4 mm for both 
normal and atheromatous aortic wall. Percutaneous 
transluminal delivery of laser energy to the coronary 
circulation will require optical fibre core diameters of 
200 um or less. With the argon laser a 200 xm core 
fibre was used. Nevertheless, the optics of the 
Nd-YAG laser-fibre interface were such that to 
transmit power sufficient to produce a predictable 
effect on the target, a fibre core diameter of at least 
400 um was necessary. Thus although the Nd-YAG's 
selective effect upon atheroma makes it theoretically 
preferable to the argon, in practice the optics of the 
system dictate that the argon laser is likely to be the 
more appropriate for coronary angioplasty. 


Differential transmission spectrometry of normal 
and atheromatous arterial wall 


А F Rickards, T J Bowker, P Edwards, T A Hall, 
M Regel, S G Bown, K M Fox, P A Poole-Wilson 
National Heart Hospital and University College 
Hospital, London, and University of Essex 


For the technique of laser angioplasty to be safe and 
reliable, the laser energy must not only be direct at, 
but also absorbed by, atheromatous. plaque rather 
than normal arterial wall. For any given wavelength, 
the degree of light absorption (and hence vaporisa- 
tion) which takes place is an inherent physical prop- 
erty of the target; and it is important to know this 
property (optical absorption) for both atheroma and 
norma! arterial wall. We measured the optical trans- 
mission from 450 nm to 800 nm of five samples each 
of atheromatous and of normal human postmortem 
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aortic wall. With emitting and receiving optical fibres 
on either side of the sample, chopped white light was 
passed through the sample into a monochrometer to 
select wavelengths from 450 nm to 800 nm, whose 
intensities were measured by a phase sensitive detec- 
tor. The distance between the emitting and receiving 
optical fibre tipes could be adjusted and measured by 
a micromanipulator. In both normal and atheromat- 
ous aortic wall the percentage optical transmission 
varied inversely with thickness of sample and directly 
with wavelength. For a thickness of 0-9 mm, thé opti- 
cal transmission of normal and atheromatous aortic 
wall fell from 4596 and 2296 respectively at 750 nm to 
1296 and 2-596 respectively at 450 nm. The ratio of the 
optical transmission per unit thickness of normal aor- 
tic wall to that of atheromatous aortic wall was 2:1 
from 800 nm to 600 nm, rising to 5:1 at 500 nm. 

Thus between 800 nm and 450 nm atheteromatous 
aortic wall absorbs light more strongly per unit thick- 
ness than. normal aortic wall, and this effect is most 
pronounced at 500 nm. Such wavelength-dependent 
differential optical absorption between normal and 
atheromatous aortic wall can be used to improve the 
selectivity and safety of laser angioplasty. 


Apolipoprotein gene polymorphisms as markers for 
atherosclerosis 


A Rees, N I Jowett, J L Caplin, J Stocks, L G 
Williams, M A Vella, F E Baralle, A J Camm, D J 
Galton : 

Departments of Medicine and Cardiology, St 
Bartholomew’s Hospital, London 


A recent report suggests that certain DNA 
polymorphisms may provide genetic markers for 
atherosclerosis. We have described а DNA 
polymorphism at the apolipoprotein A-I/C-III gene 
cluster, which associates with hypertriglyceridaemia. 
In view of the importance of these apolipoproteins in 
high density lipoprotein (HDL) and very low density 
lipoprotein (VLDL) metabolism, and the relationship 
between HDL levels and the development of 
atherosclerosis, we have studied the distribution of 
this polymorphism in groups of patients with or with- 
out angiographically defined coronary atherosclerosis. 
Leucocyte DNA from Caucasian subjects was 
digested with the restriction endonuclease 581-1, 
Southern blotted and hybridised with a 32P-labelled 
M13 genomic clone containing sequences coding for 
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apolipoprotein А-1. Restriction fragments hybridising 
to the apo A-I probe were detected by autoradiogra- 
phy. The polymorphism was revealed by the presence 
of either a 4-2 Kb or 3-2 Kb restriction fragment. The 
3-2 Kb allele is found in 30% of subjects with hyper- 
triglyceridaemia but in less than 596 of controls. The 
3.2 Kb allele was found in five of 33 subjects with 
extensive coronary atherosclerosis, and in two of 34 
subjects with normal coronary arteries. These sub- 
jects were age and sex matched. The difference in 
distribution is not statistically significant, yet the pos- 
session of the 3-2 Kb allele may still be implicated in 
the development of coronary atherosclerosis. Further 
studies are required using other lipoprotein gene 
polymorphisms to establish their relevance to the 
development of coronary atherosclerosis. 


High density lipoprotein-cholesterol, alcohol intake 
and ischaemic heart disease 


S J Pocock, А G Shaper, A N Phillips, M Walker 
Royal Free Hospital School of Medicine, London 


High density lipoprotein-cholesterol (HDL-C) is 
regarded as a well established protective factor in 
ischaemic heart disease. Results from the prospective 
phase of the British Regional Heart Study, involving 
7735 middle aged men, show that low levels of 
HDL-C are associated with increased risk of 
ischaemic heart disease but that there is no evidence 
of a protective effect from higher levels. A critical 
review of four other prospective studies of HDL-C 
and ischaemia heart disease suggests that the impor- 
tance of HDL-C as a protective factor may have been 
exaggerated. HDL-C concentration is increased by 
alcohol consumption and this finding is used to sup- 
port the widely held view that moderate drinking is 
protective against ischaemic heart disease. Results 
from the Regional Heart Study confirm the increase in 
HDL-C concentration with increasing alcohol intake 
but provide no evidence of any protective effect of 
alcohol on the risk of major ischaemic heart disease. 
Overall, results from this study suggest that HDL-C 
is neither a useful predictor of the risk of ischaemic 
heart disease nor an important protective factor in 
ischaemic heart disease in these middle aged British 
men. There is also no support for the view that mod- 
erate drinking may protect against ischaemic heart 
disease. 
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Occult coronary artery disease in familial 
hypercholesterolaemia 


W G Hendry, Mary Seed, А M Salmasi, J W Densem, 
R Niththyananthan 
St Mary’s Hospital, London 


Familial hypercholesterolaemia (FH) is well know as a 
risk factor for coronary artery disease. We have inves- 
tigated the presence of coronary artery disease in 60 
asymptomatic patients (19 female, 41 male), mean age 
40-5 years with FH and a normal resting ECG. FH 
was diagnosed on standard criteria: fasting total 
cholesterol 27:3 mmol/l and low density lipoprotein 
>4-4 mmol/l, a family history of early arterial disease 
in a first degree relative, and/or presence of xanth- 
elasma, early corneal arcus, or tendon xanthoma. 
Other major risk factors for coronary artery disease 
(diabetes, smoking, hypertension, and obesity) were 
present with expected frequency relative to the gen- 
eral population or were under-represented. Patients 
were investigated by 16 lead chest wall mapping dur- 
ing and after exercise. Thirty patients (5096) had posi- 
tive tests, and, of these, 19 underwent coronary 
angiography. Significant narrowing (75096) in one or 
more vessels was present in 18. During four years of 
follow up coronary events occurred in 16 of the 30: 14 
had angina with 11 proceeding to coronary artery 
bypass grafting and two had a myocardial infarct. 
There were no such events in the 30 patients with 
negative exercise tests. This group had a lower total 
cholesterol: 7-9(2:1) mmol/l (mean (SD)) vs 9-3(1-6) 
mmol/l (р<0:01) and a higher density lipoprotein: 
1-29(0-23) mmol/l vs 1-5(0-25) mmol/l (p 0-05), but 
showed no difference in any other risk factor when 
compared with the 30 patients with positive exercise 
tests. This study demonstrates the ability of the exer- 
cise test to detect occult coronary artery disease and to 
predict subsequent major coronary events in patients 
with FH. The increased risk appears to be related 
solely to the level of the lipoprotein abnormality. 


Underestimation of coronary arterial stenosis by 
arteriography 


N Dilly, A C Thomas, F Franc, M J Davies 

St George's Hospital Medical School, London, and 
Institute of Physics, Czechoslovakian Academy of 
Science, Prague, Czechoslovakia 


Postmortem perfusion-fixation of coronary arteries at 
physiological pressures has shown that slit-like and 
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crescentic lumens do not occur with uncomplicated 
atheromatous plaques. The residual lumen with pla- 
ques uncomplicated by acute thrombosis is usually 
eccentric in position but may be circular, ovoid, or 
D-shaped. Using a computer program we have 
shown there is a significant variation of arterial 
stenosis in different planes with ovoid or D-shaped 
lumens. The optimum shape which might be totally 
missed by examination in one radiological plane is not 
a cresent but an ovoid, the long axis of which is the 
same length as the normal vessel diameter. To prove 
this experimentally we have used glass tubes with ar- 
tificially created stenoses in which the residual lumen 
is ovoid to stimulate diseased coronary arteries. X rays 
of these barium filled glass tubes through different 
degrees of rotation show that the percentage stenosis 
by diameter may vary by as much as 42 depending on 
the plane of view. Similarly underestimation may be 
seen if the incident x ray is not perpendicular to the 
object. 

It is no longer necessary to suggest the occurrence 
of slit-like and crescentic lumens in order to explain 
underestimation of coronary stenosis in clinical coro- 
nary arteriography. 


The crescentic lumen—fact or fiction? 


AC Thomas, M J Davies, N Dilly, F Franc 

St George’s Hospital Medical School, London, and 
Institute of Physics, Czechoslovakian Academy of 
Science, Prague, Czechoslovakia 


Itis widely accepted that some significant stenoses can 
be seen only in one plane at coronary arteriography. 
The explanation of this phenomenon is usually taken 
to be the slit-like or crescentic shape of the coronary 
arterial lumen. Numerous illustrations of such lumi- 
nal shapes are published but derive from arteries fixed 
for pathological examination in the collapsed state. 
Coronary arteries fixed after distention at physiologi- 
cal pressures give a far better approximation to the 
shape of the lumen in life. Hearts have been perfused 
fixed with formol saline at pressures of 100 and 150 
mm Hg by tying a large cannula in the aorta. At such 
a pressure the aortic valve closes and the coronary 
arteries are perfused. The specimen is perfused for 24 
hours after which fixation has produced enough rigid- 
ity for the vessels to remain in the fully distended 
state. The arteries are subsequently dissected en bloc 
free from the heart, decalcified, and examined by 
transverse cuts at 2 mm intervals. Normal arterial 
segments have a completely circular lumen. The 
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internal elastic lamina is straight suggesting the artery 
is in the state analogous to complete dilatation. In 
diseased segments the majority of the lumens approx- 
imate to being circular although often placed eccentric 
to the mid-line of the vessel. Atheromatous plaques 
bulge outward at the expense of the media not inward 
to project into the lumen. Ovoid and D-shaped 
lumens are seen and are caused by flattening of the 
cap of hard fibrous plaques. Slit-like and crescentic 
Iumens only occur with acute evolving lesions where a 
polypoidal mass of thrombus projects into the lumen. 


Prevalence, diagnosis and prognosis of right 
ventricular necrosis in acute inferior myocardial 
infarction 


N G Dewhurst, E Rodrigues, Lesley M Smart, W J 
Hannan, A L Muir 

Departments of Medicine, Cardiology, and Medical 
Physics, Royal Infirmary, Edinburgh 


To compare the non-invasive methods of diagnosis of 
right ventricular necrosis, 51 consecutive patients 
with inferior myocardial infarction underwent serial 
radionuclide ventriculography, pyrophosphate (PYP) 
scintigraphy, cross sectional echocardiography, and 
12 lead electrocardiography with the addition of 
unipolar right chest lead V4R. All 51 scintigrams 
confirmed inferior infarction, and additional uptake 
in the right ventricle was noted in 25. Significant cor- 
relation was observed between right ventricular ejec- 
tion fraction (RVEF) determined by bolus and gated 
radionuclide techniques (г==0:92) and although an 
echocardiographic estimate was achieved in 94% of 
patients all possible views were obtained in only 63% 
and agreement with the radioisotope methods was 
poor (r=0-45). Clinical recognition of right ventricu- 
lar infarction was noted in only three patients (mean 
RVEF 0-16) but severe right ventricular dysfunction 
(RVEF <0-25) was seen in a further 22, and of these 
six suffered late hospital deaths. ST segment elevation 
20-5 mm in V4R had a sensitivity of 92% in the rec- 
ognition of severe right ventricular dysfunction but 
had a low specificity (40%). Those surviving hospital 
stay failed to show any improvement in resting RVEF 
two months later, six exhibiting persisting right ven- 
tricular dyskinesis and three developing features of 
predominant right ventricular failure. 

Clinical recognition of right ventricular infarction 
was poor, use of the right chest lead V4R could lead to 
overdiagnosis, and echocardiography was limited by 
the complex geometry of the right ventricle. Three 
patients with poor right ventricular function had no 
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evidence of right ventricular uptake by the PYP 
scintigram. We believe that functionally important 
right ventricular infarction is best detected by 
radionuclide ventriculography, particularly as pro- 
found right ventricular dysfunction appears to carry a 
high late hospital mortality. 


Left ventricular thrombus in acute myocardial 
infarction: recognition by cross sectional 
echocardiography 


RA Foale, P Nihoyannopoulos, Gillian Smith, 
A Maseri 

Cardiovascular Unit, Royal Postgraduate Medical 
School, Hammersmith Hospital, London 


Anticoagulants have been advocated in acute myocar- 
dial infarction, when left ventricular thrombus is rec- 
ognised by echocardiography. Of M mode and cross 
sectional echocardiographic studies in 95 consecutive 
patients with first transmural myocardial infarction 
and no anticoagulant therapy, 72 were suitable for 
serial evaluation of left ventricular thrombus. 
Echocardiography findings were related to patients’ 
outcome. Thirty two patients had inferior myocardial 
infarction, and none had left ventricular thrombus. 
Peak creatine phosphokinase (CPK) values was 
1633(1244) IU (mean (SD)). There was 1/32 deaths. 
Forty patients had anterior myocardial infarction. 
Sixteen of 40 (40%) had left ventricular thrombus on 
one or more echocardiographic studies (group 1). 
Twenty four patients with anterior myocardial infarc- 
tion had no left ventricular thrombus (group 2). 
There was no difference in myocardial infarct size in 
group 1 compared with group 2 as judged by CPK 
values (2440(1411) vs 2271(1257) IU). In group 1, left 
ventricular thrombus appeared variously at three 
hours to 10 days postinfarction and in three patients 
spontaneously resolved. The presence of left ventricu- 
lar thrombus was not unfavourably related to survival 


-and functional class post myocardial infarction. There 


was 1/16 deaths and a mean clas lb (NYHA 
classification) in group 1 compared with 12/24 deaths 
(p«0-05) and mean class 2b (p«0-01) in group 2. Two 
deaths in group 2 were due to cardiac rupture. Sys- 
temic embolism occurred in one patient only who had 
inferior myocardial infarction and no left ventricular 
thrombus by echocardiography. Left ventricular 
thrombus is not predictable and is subject to spon- 
taneous lysis. The presence of left ventricular throm- 
bus detected by cross sectional echocardiography may 
not be associated with an unfavourable risk and, by 
splinting the infarcted segment, may even be benefi- 
cial following anterior myocardial infarction. 


Proceedings of the British Cardiac Society 


Reciprocal ST depression in acute myocardial 
infarction: relationship to coronary artery disease 


O Odemuyiwa, I Peart, Catherine Albers, R J C Hall 
Royal Victoria Infirmary, Newcastle upon Tyne 


ST segment elevation in leads remote from those 
showing ST elevation during acute myocardial infarc- 
tion (MI) has been attributed to benign electrical 
phenomena, distant myocardial ischaemia, or exten- 
sive myocardial damage. We studied 84 consecutive 
patients under 55 years with a first transmural MI. 
Treadmill exercise tests were performed at three and 
six weeks postinfarction. All had coronary angiogra- 
phy. Twenty eight (7596) of the 51 inferior and 19 
(5896) of the 33 anterior infarcts had reciprocal ST 
depression of 21 mm during the acute phase. Four- 
teen (3896) of the 38 inferior infarcts with reciprocal 
depression and 3 (2396) of the 13 without reciprocal 
depression had significant left anterior descending 
(LAD) disease (NS). In inferior infarction reciprocal 
depression does not therefore predict LAD disease. 
Ten (2696) of the 38 inferior infarcts with reciprocal 
depression had ST depression in the same leads on 
exercise and five (5096) of these patients had 
significant LAD disease. Nine (3296) of the 28 
patients who did not have ST depression in the same 
leads on exercise had significant LAD disease (NS). 
Seven (3796) of the 19 anterior infarcts with reciprocal 
depression and four (2996) of the 14 without recip- 
rocal depression had significant right coronary artery 
(RCA) disease (NS). Reciprocal depression in anterior 
infarcts therefore does not predict significant RCA 
disease. Only one patient with anterior infarction had 
ST depression in the same leads on exercise and there 
was no significant RCA disease. 

In conclusion, neither reciprocal ST depression 
during acute myocardial infarction nor exercise 
induced ST depression in the same leads early post 
infarction predict significant coronary artery disease 
in the reciprocal territory. 


Digital subtraction angiography: a screening 
procedure for patency of coronary artery bypass 
grafts 


G Hunter, S Walton, R Hayward, R H Swanton, 

R Emanuel 

Departments of Imaging and Cardiology, Middlesex 
Hospital, London 


A prospective study was undertaken to evaluate ven- 
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ous digital subtraction angiography (DSA) in the 
detection of coronary graft presence and patency. 
Patients with recurrence of chest pain following coro- 
nary grafting were studied by venous DSA and con- 
ventional angiography. Forty millilitres of iohexol 
were injected into the right atrium via a 5F catheter at 
25 ml per second per run. Images were acquired in 
both left anterior oblique 45? and right anterior obli- 
que 5? projections. Graft, patency and presence was 
assessed by three independént observers without prior 
knowledge of which grafts had been inserted. Sixteen 
patients with 37 grafts were studied. Twenty six grafts 
were patent. There was agreement in 11 patients, 
seven being correctly assessed. There was partial 
agreement in the remaining five patients. All occluded 
grafts were correctly identified; 17, 18, and'19 of the 
26 patent grafts were identified by the three observers 
respectively. The graft to the left anterior descending 
artery was least well demonstrated, with five out of 12 
patent grafts missed. Patent grafts to the left cir- 
cumflex and posterior descending arteries were not 
identified in one out of six and two out of eight cases 
respectively. 

These figures yield a specificity of 100% (no false 
positives) and a sensitivity of 7896. А graft identified 
by DSA is definitely present but patient grafts may be 
missed. 


Free radicals and ischaemic injury: allopurinol 
improves myocardial protection during global 
ischaemia 


D J Chambers, M V Braimbridge, D J Hearse 
Heart Research Unit, Rayne Institute, St Thomas’ 
Hospital, London 


Ischaemia-induced breakdown of adenine nucleotides 
provides increased substrate for xanthine oxidase (the 
enzyme responsible for uric acid production from 
hypoxanthine and xanthine). Subsequent aerobic 
reperfusion increases oxygen availability so that 
xanthine oxidase activity and the consequent produc- 
tion of the superoxide free radical increases dramati- 
cally. During ischaemia and particularly during reper- 
fusion, superoxide free radicals might play a role in 
cellular injury. We have investigated whether pre- 
treatment with the specific xanthine oxidase inhibitor, 
allopurinol, can enhance myocardial resistance to 
ischaemia and reperfusion injury during nor- 
mothermic (37°C) and hypothermic (21°C) arrest with 
St Thomas’ Hospital cardioplegic solution. Rats were 
pretreated with allopurinol (20 mg/kg orally for two 
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days and intravenously on day 3 prior to excision of 
the heart). Using an isolated “working” rat heart pre- 
paration, hearts were perfused aerobically for 20 
minutes followed by three minutes of cardioplegic 
infusion and either 27 minutes of 37°C global 
ischaemia or 300 minutes of 21°С global ischaemia 
(with three minute reinfusions of cardioplegia every 
30 minutes) and reperfusion for 15 minutes. Post- 
` ischaemic recovery (expressed as a percentage of pre- 
ischaemic control) of aortic flow, cardiac output, 
stroke volume, and stroke work in the 37°С control 
group (п=8) were 221(45)%, 369(7-5)%, 
40-9(9-7)%, and 36-4(11-0)% respectively, whereas 
these values in the allopurinol pretreated group (n— 8) 
were 54-8(16:3)%, 61-6(15-1)%, 59-2(16-1)% and 
51-8(17-2)%. Postischaemic recovery values for these 
indices in the 21°С control group (n=6) were 
21-0(11-0)%, 29-2(9-4)%, 30-8(9-3)%, and 24-8(9:1)% 
and in the allopurinol pretreatment group (n=6) they 
were 24-8(8:1)%, 32-2(8:5)%, 37-2(8-1)%, and 
31-2(8-5)%. Thus although allopurinol pretreatment 
significantly improved myocardial resistance to 
ischaemic injury at normothermia, there was no effect 
with hypothermia. The most likely explanation of 
these results is that both allopurinol and hypothermia 
act to inhibit superoxide free radical production but 
hypothermia masks any allopurinol effect. 


Limitation of infarct size: a comparative study with 
six drugs 


D M Yellon, D J Hearse, J M Downey 

Heart Research Unit, Rayne Institute, St Thomas’ 
Hospital, London, and the Department of 
Physiology, University of South Alabama, USA 


Using a closed chest dog, three calcium antagonists 
verapamil, nifedipine, and diltiazem, two beta block- 
ing agents metoprolol and cetamolol, an anti- 
inflammatory agent flurbiprofen, and a xanthine oxid- 
ase inhibitor allopurinol were evaluated for their abil- 
ity to limit myocardial infarct size following either 24 
or 48 hour periods of coronary artery embolisation. 
Coronary arteries were embolised by injecting 2-5 mm 
beads into the coronary network via a carotid artery 
cannula. Cerium-141 labelled microspheres were 
given immediately thereafter to mark the blood flow 
pattern around the ischaemic area. Continuous infu- 
sion of the drug for 24 or 48 hours (saline given to 
controls) was then initiated. At the end of the 
ischaemic time period the hearts were removed, 
sliced, and the infarct area visualised using tet- 
-razolium staining techniques. The risk zone was vis- 
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ualised following autoradiography of the slices. The 
results of these studies clearly show that both the beta 
blockers, metoprolol and cetamolol, as well as the 
non-steroidal anti-inflammatory agent flurbiprofen, 
had no effect in limiting infarct size; whereas the three 
calcium antagonists verapamil (44% limitation at 24 
hours), nifedipine (40% limitation at 24 hours and 
25% limitation at 48 hours), and diltiazem (30% limi- . 
tation at 48 hours) and the xanthine oxidase inhibitor 
allopurinol (4296 limitation at 24 hours), showed a 
significant (p« 0-001) effect on limiting the extent of 
tissue necrosis. 

Thus it can be seen that only certain classes of 
pharmacological agents appear to limit myocardial 
infarct size in this experimental preparation. The 
mechanism of action of these that appear beneficial is 
at present being studied. 


Untreated chronic heart failure: effects at rest and 
on exercise of introducing diuretic therapy 


] Bayliss, M Norell, К Canepa-Anson, C Reid, 
P Poole-Wilson 
National Heart Hospital, London 


The physiological effects of introducing diuretic 
therapy in patients with untreated chronic heart fail- 
ure are poorly documented. We observed clinical and 
neuroendocrine variables, at rest and on upright exer- 
cise, before and after the introduction of frusemide in 
10 patients with chronic heart failure who had been 
symptomatic for at least one month but who had not 
had any prior therapy. Five patients had dilated car- 
diomyopathy, four chronic ischaemic heart disease, 
and one rheumatic mitral valve disease. Before diure- 
tics, the patients were breathless on mild exertion, 
had radiological cardiomegaly and pulmonary venous 
hypertension, and raised venous pressure or a fourth 
heart sound; one had peripheral oedema. Treadmill 
exercise time was 10-8 (2-5) (mean (SEM)) minutes, 
using a slow protocol. Plasma renin activity and aldos- 
terone were normal in all patients, at rest and on exer- 
cise. Plasma noradrenaline was elevated at rest and 
increased further on exercise. (p<0-05). After one 
month of frusemide, patients were less breathless, had 
lost 3-6 (1) kg (p<0-05), and doubled their exercise 
time. Plasma renin activity and aldosterone were now 
abnormally elevated at rest, and more so on exercise; 
plasma noradrenaline was normal at rest but remained 
elevated on exercise. 

Although diuretics cause short term clinical 
improvement in heart failure, reducing resting sym- 
pathetic activity, they achieve this at the expense of 
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activation of the renin-angiotensin system, which may 
have important long term implications for therapy 
and progression of the disease. 


Intravenous captopril for severe heart failure 


M Rademaker, T R D Shaw, C R W Edwards 
Department of Medicine, Western General Hospital, 
Edinburgh 


We studied the effect of intravenous administration of 
captopril in 26 patients with chronic heart failure. 
Plasma free captopril was measured by radioim- 
munoassay. А bolus dose of 25 mg (14 patients) pro- 
duced a very rapid reduction in systemic vascular 
resistance (—3196) with maximal change at 5 min after 
injection. Cardiac output rose 2096 and mean systemic 
pressure fell 1896. Pulmonary end diastolic and right 
atrial pressures fell more slowly with a nadir at 60 
min. The effect on systemic vascular resistance 
decreased over 90 min, when a 996 reduction per- 
sisted. There was an initial fast distribution phase of 
plasma free captopril while the elimination half life 
between 1-5 and 8 h after the dose was 3-36(SE 
0-25) h. A series of seven incremental doses (0-3125 
mg to 20 mg total) was given to 12 patients. Progres- 
sive changes in systemic vascular resistance, cardiac 
output, and systemic pressure were seen between 
0.3125-5 mg with no further change thereafter. 
Plasma free captopril at the onset of the plateau of the 
dose-response curve was 150 ng/ml: this is consider- 
ably higher than predose concentrations found during 
chronic therapy with 25—50 mg thrice daily and sug- 
gests that larger doses or more frequent administra- 
tion might be needed for a sustained maximal effect. 

Intravenous captopril will be useful for intensive 
care patients with cardiac failure. 


` Renal vascular response to neuroendocrine 
vasodilatation in chronic heart failure 


J Bayliss, M Norell, К Canepa-Anson, 

P Poole-Wilson, G C Sutton 

Hillingdon Hospital, Uxbridge, and National Heart 
Hospital, London 


Activation of the renin-angiotensin and sympathetic 
systems in chronic heart failure causes important 
renal vasoconstriction. The renal vascular response to 
vasodilatation by inhibition of these neuroendocrine 
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systems was assessed in 15 patients with stable heart 
failure on diuretics: measuring renal plasma flow 
(with !23]I-OIH) and cardiac haemodynamics, to 
derive renal blood flow (RBF), renal vascular resis- 
tance, and the percentage cardiac output to the kid- 
neys (96CO), before and after one month each of cap- 
topril and prazosin, in a double blind crossover study. 
Captopril reduced systemic (p<0-05) and renal 
(p<0-01) vascular resistance, increasing RBF 
(p«0-05) and %CO (p<0-05). The increase in RBF 
correlated with control plasma renin activity (r=0-53, 
p«0-05). Although prazosin also reduced systemic 
vascular resistance (p« 0-05), renal vascular resistance 
increased (p« 0-01), and RBF and %CO fell (р<0:05). 
Weight fell 1-7 kg (p« 0-05) on captopril but increased 
3-0 kg (p« 0-05) on prazosin; these changes correlated 
inversely with RBF changes (r=—0-53, p« 0-01). 

Sympathetic inhibition with prazosin causes sys- 
temic vasodilatation, which diverts blood from the 
kidney and may result in fluid retention. Inhibition of 
the renin-angiotensin system with captopril causes 
preferential renal vasodilatation and allows renal per- 
fusion to improve. 


Neuroendocrine and haemodynamic interactions 
during exercise in chronic heart failure: double 
blind comparison of captopril and prazosin 


J Bayliss, M Norell, R Canepa-Anson, 

P Poole-Wilson, G C Sutton 

Hillingdon Hospital, Uxbridge, and National Heart 
Hospital, London 


We report the first double blind study of clinical, 
neuroendocrine, and haemodynamic interactions in 
moderate chronic heart failure, at rest and during 
upright exercise, comparing inhibition of the renin- 
angiotensin-aldosterone (RAA) system (captopril) and 
of the alpha, adrenergic sympathetic system (prazo- 
sin). Sixteen patients on diuretics were studied; each 
drug was crossed over at one month. Control plasma 
renin activity (PRA), aldosterone (Aldo), and norad- 
renaline (NA) were elevated at rest and increased on 
exercise (p« 0-05). Control left ventricular filling pres- 
sure (LVFP) was elevated, correlating with PRA and 
Aldo (r>0-51, p<0-05). Systemic vascular resistance 
(SVR) was elevated, and vasodilatation during exer- 
cise was limited by PRA and NA release (т=0-82, 
p<0-01; r=0-62, p«0-05). On captopril there were 
reductions in Aldo (p<0-05) and LVFP (p<0-05), at 
rest and on exercise, and dyspnoea was relieved. SVR 
was lower at rest (p« 0-05) and on exercise (p«0-05); 
vasodilatation on exercise was no longer impaired by 
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RAA activation, and exercise capacity increased by 
35% (p« 0-01). On prazosin, NA and Aldo increased 
initially (p« 0-05), fluid retention increased weight 
(р<0-05), LVFP was unchanged, and dyspnoea was 
not relieved. Resting SVR was reduced (p<0-05), but 
exercise vasodilatation remained limited by RAA and 
sympathetic activation, and exercise capacity did not 
improve. 

These results illustrate the importance of the 
renin-angiotensin-aldosterone system in chronic heart 
failure, at rest and also on exercise. 


Right ventricular dysfunction dictates the 
therapeutic response in chronic cardiac failure? 


Ann Tweddel, W Martin, I A McGhie, I Hutton 
University Department of Medical Cardiology and 
Department of Nuclear Medicine, Royal Infirmary, 
Glasgow 


In patients with chronic cardiac failure, vasodilator 
therapy produces a variable therapeutic effect. The 
purpose of this study was to determine whether the 
response to afterload reduction is affected by associ- 
ated right ventricular dysfunction in patients with 
chronic left ventricular failure. Fifteen male patients 
with New York Heart Association grade III-IV 
chronic cardiac failure secondary to coronary heart 
disease were studied. Heart rate was obtained from 
the electrocardiogram, blood pressure by cuff sphyg- 
momanometer, cardiac output by thermodilution, 
and ejection fraction of right and left ventricle from 
gated technetium ventriculography. In 10 patients 
with preserved right ventricular function (RVEF 
>25%), LVEF ranged from 10 to 29%. Left ventricu- 
lar ejection fraction ranged from 10 to 23% in five 
patients with right ventricular dysfunction (RVEF 
12-24%). Exercise tolerance was similar in both 
groups (mean exercise time 178(21) s and 146(16) s. 
In both groups afterload reduction with felodipine 
produced a modest increase in heart rate from 71(5) 
beats/min to 79(5) beats/min and 79(6) beats/min to 
85(7) beats/min secondary to fall in mean blood pres- 
sure from 101(4) mm Hg to 87(4) mm Hg (p<0-05) 
and 83(5) to 78(5) mm Hg. In patients with preserved 
right ventricular function cardiac index increased 
from 2-5 to 3-8 l/min/m? (p<0-01) but in patients with 
right ventricular dysfunction cardiac index increased 
insignificantly from 2-3(0-4) to 2-6(0-4) l/min/m?. In 
conclusion, in patients with ischaemic chronic cardiac 
failure with a similar degree of left ventricular dys- 
function, associated right ventricular abnormality 
predicts patients with a limited therapeutic response 
to afterload reduction. 
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Increased sensitivity of the denervated human heart 
to isoprenaline before and aftér beta blockade 


S Yusuf, S Theodoropoulos, C J Mathias, N Dhalla, 
M Yacoub 

Harefield Hospital, Middlesex, and St Mary's 
Hospital, London 


Denervation may increase target organ sensitivity to 
its chemical transmitter. We tested this hypothesis by 
studying the heart rate (HR) response to isoprenaline 
of the denervated donor heart (DH) as compared to 
the innervated recipient heart (RH) in eight patients 
who underwent heterotopic cardiac transplantation 
because of congestive cardiomyopathy (2) or 
ischaemic heart disease (6) six to 12 months earlier. 
All patients were well compensated and did not 
require treatment for heart failure. The resting heart 
rate was higher in the donor heart (101-4(3-7) beats/ 
min compared to the recipient heart (90-5(6.5) 
beats/min; p<0-04). Incremental intravenous infusion 
of isoprenaline (5 ng, 10 ng, and 15 ng/kg/min) raised 
heart rate to a greater extent in the donor heart at the 
two higher doses (21:9(3:5) and 32:4(4-7) beats/min 
for donor heart vs 14-8(2:7) and 22-8(4-2) beats/min 
for recipient heart; p<0-01 and p<0-003 respec- 
tively. Following 0-1 mg/kg of intravenous prop- 
ranolol, the resting heart rate decreased similarly in 
the donor heart (— 12(2) beats/min p« 0-01) and the 
recipient heart (— 14(2-5) beats/min; p« 0-01). There 
was little heart rate increase in both hearts at 5 ng and 
10 ng/kg/min, but at higher doses the donor heart was 
still more responsive (15 ng/kg/min: 11:2(2:1) beats/ 
min for donor heart os 6-5(1-9) beats/min for recipient 
heart; p« 0-01; 20 ng/kg/min: 14-1(2-8) beats/min for 
donor heart vs 6-7(1-6) beats/min for recipient heart; 
p«0-005; 25 ng/kg/min: 17-7(3) beats/min for donor 
heart vs 8-1(1-6) beats/min for recipient heart; 
p« 0-002). 

In patients with cardiac transplantation, the dener- 
vated heart is more sensitive to the chronotropic effect 
of isoprenaline. This may reflect increased density or 
affinity of the beta receptors in the denervated heart. 


Beta blockade produces greater attenuation of 
exercise tachycardia in the denervated human heart 


N Dhalla, S Yusuf, S Theodoropolous, C Reid, 
M Yacoub 

Harefield Hospital, Harefield, Middlesex; and St 
Mary's Hospital, London 


Heterotopic cardiac transplantation offers an oppor- 
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tunity to assess the effect of pharmacological agents 
on the innervated recipient and the denervated donor 
heart simultaneously in the same patient. The effect 
of acute beta blockade on the heart rate (НК) response 
to exercise was studied in six patients 6-12 months 
after heterotopic cardiac transplantation, using a mod- 
ified Brucé protocol before and after the administra- 
tion of intravenous propranolol (0:1 mg/kg). The rest- 
ing heart rate decreased similarly and significantly 
(p<0-05) in both the donor (DHR 15:5(2)) and reci- 
pient heart (14-3(2-6)). Before beta blockade the heart 
rate response at peak exercise was similar for both the 
donor (DHR 38(3-5)) and recipient heart (RHR 
48(3)). After beta blockade the peak exercise response 
for the donor heart was 20-9(3) compared to 38-3(3-5) 
for the recipient heart which represents a two fold 
greater attenuation in the donor heart. In contrast, the 
increase in heart rate of both donor and recipient 
hearts in early exercise (first three minutes of the 
Bruce protocol) as well as the decrease during the first 
three minutes post exercise was unaffected by beta 
blockade. 

It is concluded that the heart rate response of the 
denervated heart, at peak exercise, is markedly 
blunted by beta blockade and that greater caution is 
required in using these drugs in transplanted patients. 


Adverse effect of high dose aspirin on prostacyclin 
generation by autogenous vein grafts 


A Н Gershlick, D Syndercombe Court, A J Murday, 
C T Lewis, P G Mills 
The London Hospital, London 


External jugular vein grafting into the ipsilateral 
carotid artery in the rabbit was used as a model to 
study the effect of different doses of aspirin (ASA) 
given in combination with dipyridamole (DIP), or 
DIP alone on vein graft prostacyclin (PGI,) produc- 
tion. Animal groups consisted of: A, no treatment 
(n=6): B, low dose ASA (0-5 mg/kg/24 h) plus DIP 
(n6): C, high dose ASA (40 mg/kg/24 h) plus DIP 
(п=6): D, DIP alone (n=6). DIP (8 mg/kg/24 h in 
divided doses) was started 48 h prior to operation and 
ASA on the first postoperative day. Both drugs were 
given. for one month. Vein grafts (VG) and non- 
grafted artery (А) and vein (V) were then removed, 
opened and placed in a template with the luminal 
surface forming the base of a well. Radioimmunoassay 
was used to measure PGI, levels in 500 jul aliquots of 
HEPES buffer placed in the well. Results from group 
A showed that grafting of a vein into the arterial sys- 
tem results in PGI, levels which almost reached arter- 
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ial levels (mean for V=122 pg (range 104-144), 
VG=309 pg (range 223—428), A=389 pg (range 299- 
507). Vein grafts and non-grafted vessels of group C 
animals produced significantly less PGI, than corres- 
ponding vessels of the other three groups (p<0-01 for 
all comparisons). In group B animals there was a 
reduction in VG PGI, as compared to group A ani- 
mals, but the difference did not reach statistical 
significance. 

High dose ASA therefore reduces prostacyclin in 
vein grafts, explaining the previous finding of 
enhanced platelet deposition in these animals. This in 
turn will cause the increase in graft intimal thickness 
also previously demonstrated. Because aspirin may 
have an adverse effect on long term graft survival 
through promotion of intimal hyperplasia, warfarin 
may be a better agent for the prevention of thrombotic 
occlusion in the early postoperative period. 


Preparation of human saphenous vein for coronary 
surgery impairs prostacyclin production 


G Angelini, H Williams, J Psaila, A C Newby 
Departments of Cardiology, Cardiac Surgery and 
Surgery, University of Wales, Cardiff 


Immediate postoperative platelet deposition is 
thought to contribute both to early and to late coro- 
nary vein graft occlusion. We investigated whether 
routine preparation of saphenous vein leads to 
impaired prostacyclin production which would favour 
platelet deposition. Treatment—for example, with 
prostacyclin—might then offer scope for its preven- 
tion. Saphenous vein was harvested (a) immediately 
after removal or (b) after routine preparation by 
adventitial stripping, side branch ligation, 1 min dis- 
tension at «300 mm Hg, and storage for up to 2 h in 
0-9 g/l NaCl at 23°C. Weighed segments of vein were 
incubated for three 10 min periods in fresh 1 ml ali- 
quots of Tris buffer (0.14 mol NaCl, 15 mmol Tris/ 
HCL, pH 7-4); each segment was then cut into three 
weighed pieces which were incubated for 3 min in 0-3 
ml Tris buffer with vortex mixing for the first 15 s. At 
the end of each incubation, the vein was removed, 
indomethacin (3-3 j/ml) was added, and the 
6-ketoprostaglandin F, concentration in the buffer 
was measured by radioimmunoassay. Unstimulated 
prostacyclin production was constant over the first 
three periods and averaged 1-7(0-5) pg/ml/min in con- 
trol vein and 1-9(0-5) pg/ml/min in prepared vein (NS, 
п= 5). Prostacyclin production rose with vortex stimu- 
lation 11(2) fold in control vein but only 4(1) fold in 
prepared vein (p<0-05). In a larger series (n=13), 
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vortex stimulated prostacyclin production proceeded 
at 16(2) pg/mg/min in control vein and 7(1) pg/mg/ 
min in prepared vein (p<0-05). Morphological 
examination showed similar endothelial preservation 
in the segments from control and prepared vein. The 
data indicate that the capacity of vein to produce pros- 
tacyclin becomes impaired during surgical prepara- 
tion. 


Metabolic damage to human saphenous vein during 
preparation for coronary bypass surgery 


A Newby, G Angelini 
Departments of Cardiology and Cardiac Surgery, 
University of Wales, Cardiff 


Coronary graft patency may be affected by the proce- 
dures used for intraoperative preparation of vein. Tis- 
sue damage caused during routine preparation and its 
component steps was quantified by measuring ATP 
and its metabolites by HPLC. Vein was frozen in 
liquid N, after dissection (control); after storage in 
blood at 23°C for up to 2 h (stored); after side branch 
ligation and adventitial stripping (manipulated); after 
manipulation followed by 1 min distension at <300 
mm Hg (limited pressure) or with gentle unlimited 
pressure; or from vein unused after completion of the 
last proximal anastomosis (prepared vein). The ATP 
content of control vein, 480(30) nmol/g (n=28), was 
reduced to 260(40) nmol/g (n=15, p<0-001) in pre- 
pared vein using distension at <300 mm Hg; the 
ATP:ADP ratio was reduced from 2-4(0-1) to 1-3(0- 1) 
(p<0-001). The ATP content in vein prepared using 
unlimited pressure distension was 170(20) nmol/g 
(n= 23) and the ATP: ADP ratio was 0-9(0-1) (p<0-05 
vs distension at <300 mm Hg). Inosine and hypoxan- 
thine concentrations were elevated in prepared vein 
relative to control (p<0-05). Storage caused a slow fall 
in ATP concentration to 350(40) nmol/g control 
(n=6, p«0-05) but did not change ATP:ADP ratio. 
Manipulation alone caused no change in ATP content 
or ATP:ADP ratio, but manipulation followed by 
limited pressure distension reduced ATP:ADP ratio 
to 2-1(0-1) (n=8, p«0-05 vs control), and manipula- 
tion followed by unlimited pressure distension 
reduced ATP content to 250(20) nmol/g and 
ATP:ADP ratio to 1-2(0-1) (n=8), p<0-001). The 
data provide clear evidence of metabolic damage to 
vein during surgical preparation. The single step of 
unlimited pressure distension led to the same changes 
seen in prepared vein whereas storage was relatively 
innocuous. 
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Screening for carotid disease in patients with 
coronary artery disease 


D A Ratliff, T K Hames, K N Humphries, 

N Conway, J Webster. 

Wessex Regional Medical Physics and Cardiac 
Centres and Vascular Surgical Unit, Southampton 


The prevalence of carotid disease has been variably 
reported as being present in up to 18% of patients 
with coronary artery disease (CAD) undergoing coro- 
nary artery bypass surgery. We have looked prospec- 
tively for evidence of carotid disease in 100 consecu- 
tive patients with symptomatic CAD undergoing 
coronary angiography and 100 controls having minor 
operations, using continuous wave (CW) Doppler 
imaging and Duplex scanning. CW Doppler imaging 
and Duplex scanning are accurate techniques in the 
direct non-invasive assessment of carotid disease. We 
have carried out a blind prospective comparison with 
biplanar angiography, in which the sensitivity and 
specificity of CW Doppler imaging was 90% and 98% 
respectively in the detection of =50% internal carotid 
stenosis (n=96), and that of Duplex scanning was 
93% and 98% respectively (n=85). Ten per cent of 
CAD patients were found to have significant disease 
(250% stenosis or occlusion) affecting the internal 
carotid artery or carotid bifurcation compared with 
3% of controls (p<0-05). Seven CAD patients had no 
cerebral symptoms and five had no carotid bruit. Of 
nine affected patients who have had coronary angiog- 
raphy so far, four have undergone carotid endarterec- 
tomy prior to coronary artery bypass surgery without 
complication. A further two patients have been refer- 
red for carotid surgery. 


Measurement of infarct size by thallium-201 
rotating slant-hole tomography: a human 
pathological correlation 


E Jane Flint, D N Taylor, J A Mills, J Pilcher, JA 
McIntosh 

Departments of Cardiology and Clinical Physics, 
Walsgrave Hospital, Coventry 


Thallium-201 scintigraphy was performed in 18 
patients with a first myocardial infarct before death. 
All had rotating slant-hole tomography, 17 had 
anterior, 45? left anterior oblique, and left lateral pla- 
nar scans also. Post mortem examination was per- 
formed within four hours of death, hearts frozen, then 
sliced and incubated in nitroblue tetrazolium. 
Stereological analysis of heart slices to give percentage 
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volume defect was compared with results from quan- 
tifying planar scans and 12 reconstructed tomographic 
slices. Three sets of tomograms and two planar series 
could not be assessed: movement artefact affected all 
scans in one patient; extensive apical defects in 
tomograms could not be quantified in two patients; 
unsuspected old infarction confused planar measure- 
ment in one patient, "cross talk" was observed in the 
tomograms. Blur artefacts were not a problem in this 
series but have been observed to hinder identification 
of smaller defects. Tomography improved the correla- 
tion of thallium defect size with pathology (r=0-81) 
over planar scans (r—0-65). Two patients had notably 
larger tomographic and planar thallium defects than 
pathological infarct size, presumably due to peri- 
infarctive ischaemia. If these were excluded, tomog- 
raphic infarct size correlated with pathological infarct 
size (r—0-97), and for a subset of 11 patients with all 
data, tomography improved the correlation of thal- 
lium infarct size from r=0-88 to r=0-95. 

Thus thallium-201 rotating slant-hole tomography 
may be a useful research tool for sizing moderate first 
time infarcts in intervention studies, when satisfac- 
tory reconstruction can be achieved. 


Clinical role of thallium-201 scintigraphy in the 
management and prognosis of coronary artery 
disease 


M D Gammage, D P Murray, E Rafiqi, R G Murray 
Department of Cardiovascular Medicine, University 
of Birmingham and East Birmingham Hospital, 
Birmingham. 


The clinical impact of thallium-201 (T1-201) scintig- 
raphy in coronary artery disease was reviewed in 128 
consecutive patients who were referred for routine 
investigation and followed for a mean of 13(1) 
months. Exercise and redistribution image data were 
collected in multiple projections and interpreted by 
combined visual and semiquantitative means. А seg- 
mental image defect was accepted as indicating the 
presence of coronary artery disease. Normal T1-201 
images were obtained in 69 of 79 (8796) diagnostic 
studies. Sixty four (8296) were spared diagnostic 
coronary arteriography; five proceeded to coronary 
arteriography for persisting symptoms (two had nor- 
mal arteriograms, two had minor («7096 stenosis) 
single vessel disease, one had double vessel disease). 
Conversely, coronary arteriography was normal in 
two of 10 (2096) patients with unequivocal image 
defects. T1-201 scintigraphy was performed as a func- 
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tional complement to coronary arteriography in 49 
patients, influencing the decision for surgery in 33 
and determining the presence or absence of myocar- 
dial ischaemia in 16 patients with equivocal coronary 
arteriograms. Myocardial ischaemia was confirmed in 
eight of these 16 patients and normal data were 
obtained in eight patients. During the follow up 
period of 13(1) months none of the 77 patients with 
normal T1-201 scintigrams died, sustained myocardial 
infarction, or other major cardiac event. 

These data confirm both the vital role of T1-201 
scintigraphy in the management of patients with sus- 
pected or proven coronary artery disease and the 
excellent prognostic value of a normal T1-201 scintig- 
ram. 


A new technique for displaying tomographic images 
of perfused myocardium obtained using T1-201 and 
their relationship to the coronary arteries 


C J Gibson, E E Laird, E D Williams, A Rajathurai, 
B Mittra 

Regional Medical Physics Department, Dryburn 
Hospital, Durham; Sunderland District General 
Hospital; and Department of Medicine, Sunderland 
District General Hospital 


Conventional transverse tomograms with thallium- 
201 represent oblique slices through perfused 
myocardium which. do not correspond to the major 
axes of the left ventricle. It is difficult to relate 
observed defects easily to coronary anatomy. We have 
developed a new technique for the presentation of 
myocardial tomograms which allows the observer to 
perceive the shape of the T1-201 distribution directly. 
The surface of the myocardium is found by applying 
an interactive thresholding technique to a set of con- 
ventional transverse slices. Computer graphics tech- 
niques are used to display a “shaded image" of that 
surface on a TV screen, showing the three dimen- 
sional shape of the myocardial surface from any cho- 
sen aspect. 

As a further aid to image interpretation we have 
digitised a set of normal preserved coronary arteries. 
Using scaling and transformation techniques these 
arteries are “mapped” on to the myocardial tomog- 
rams, and a shaded surface image produced with 
superimposed coronary arteries. This provides a 
familiar anatomical framework for locating perfusion 
defects and may be of value in the identification of 
diseased vessels. 
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Improved detection of coronary heart disease by 
gated thallium scanning 


Ann Tweddel, W Martin, I A McGhie, I Hutton 
University Department of Medical Cardiology, and 
Department of Nuclear Medicine, Royal Infirmary, 
Glasgow 


Thallium 201 imaging is established for the assess- 
ment of myocardial perfusion. This study evaluates 
the use of gating the thallium image to the ECG to 
assess both right and left ventricular function and per- 
fusion. Gated thallium scans were obtained from 100 
consecutive male patients undergoing coronary 
angiography. Eighty megabecquerels of thallium 201 
were injected intravenously during the last 30 seconds 
of maximal exercise and scans obtained in the 
anterior, 40? and 70? left anterior oblique projections, 
each for 5 min using a gammacamera. Analysis was 
performed by three independent observers, normal 
values being obtained from 12 healthy volunteers. 
Regional wall motion was assessed visually from the 
gated image and interobserver variation was small 
(0-996 for 1280 segments). Coronary angiography was 
performed within 48 hours of scanning, with a 5096 
reduction in luminal diameter being considered 
significant. Segmental perfusion defects were detected 
in 8996 of patients with significant coronary disease, 
75% with defects subtended by arteries with 50%- 
75% stenosis, and 9496 with 99-100% stenosis. The 
addition of regional wall motion abnormalities 
identified 9596 of patients with coronary disease. Fifty 
seven patients were noted to have inferior left ven- 
tricular defects, and right ventricular perfusion 
defects were seen in 20 of these scans. Seventy seven 
per cent of these patients had >90% obstruction of 
the right coronary artery. 

In conclusion, coronary artery lesions greater than 
50% produce exercise perfusion defects and wall 
motion abnormalities of both the right and left ven- 
tricle, which are reliably detected by gated thallium 
scanning. 


T lymphocyte subsets and function in dilated 
cardiomyopathy in East Africa 


J E Sanderson, D Koech, D Iha, H P Ojiambo 
St Mary's Hospital, London, and the University of 
Nairobi Medical School, Kenya 


It has been suggested that an excessive or inappropri- 
ate immune reaction may be partly responsible for the 
myocardial damage which leads to dilated car- 


Proceedings of the British Cardiac Society 


diomyopathy. In order to determine if there is such a 
reaction in patients with dilated cardiomyopathy (DC) 
in East Africa we have measured the percentage of T 
lymphocyte subsets using monoclonal antibodies 
(Ortho) to identify the total percentage of T lympho- 
cytes (OKT3 positive), helper-inducer T cells (OKT4 
positive), and suppressor-cytotoxic T cells (OKT8 
positive) in 20 patients (nine men; mean age 32-8(13) 
years) with DC and 20 age and sex matched normal 
controls. The results showed that the total percentage 
of T cells were similar in both groups (patients: 
65-6(2-6)%; controls: 64-1(2-0)96) while the percen- 
tage of helper-inducer cells was significantly higher in 
the DC group (patients: 44-7(1-8)%; controls: 
32-8(2-0)96; p<0-001) and the percentage of suppres- 
sor cells was slightly lower (patients: 28-4(2-2)96; con- 
trols: 33-6(1-6)%). The helper:suppressor cell ratio 
was higher than the normal range in eight of the 20 
patients. Seven of the eight patients with these high 
ratios were studied within three months of onset of 
their symptoms. Repeat measurements were done in 
seven patients, and in one patient there was a fall in 
the helper:suppressor ratio over five months. Lym- 
phocyte functional assays (mixed lymphocyte reac- 
tion) were done in six patients and six controls, and in 
three patients the "stimulation index" was above the 
control group range. These results indicate that an 
excessive immune reaction may be part of the 
pathogenesis of dilated cardiomyopathy in Africa. 


Cardiac hypertrophy, hypertrophic cardiomyopathy 
and hyperparathyroidism—an association 


Farieda Fortune, R A Greenbaum, P Dandona, 
C Symons f 
The Royal Free Hospital, London 


Patients with primary hyperparathyroidism were 
investigated to detect and categorise cardiac hyper- 
trophy. In a separate group with hypertrophic car- 
diomyopathy, estimation of parathyroid hormone 
level was made. A third group with hypercalcaemia 
alone was studied. All had M mode echocardiogra- 
phy. Estimation of septal and left ventricular wall 
thickness was made at mitral valve closure, and 
minimum cavity dimension was estimated. The pres- 
ence of systolic anterior motion of the mitral valve and 
mid-systolic closure of the aortic valve were noted. 
Echocardiographic estimations were made without 
the knowledge of the patient's biochemical status. 
Echocardiograms were classified as normal, sym- 
metric left ventricular hypertrophy, asymmetric sep- 
tal hypertrophy, and hypertrophic cardiomyopathy. 
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Parathyroid hormone was measured by radioim- 
munoassay using an antibody technique directed 
against the mid-molecular peptide of the hormone. 
Forty one patients were studied: namely, (a) primary 
hyperparathyroidism (16 cases) five (3196) had 
symmetric left ventricular hypertrophy, five had 
hypertrophic cardiomyopathy, four had asymmetric 
septal hypertrophy, and two had no ventricular 
hypertrophy. All were hypercalcaemic. (b) Hyper- 
trophic cardiomyopathy (18 cases): five (28%) were 
found to have high levels of circulating parathyroid 
hormone. None had hypercalcaemia. (c) Hypercal- 
caemia without hyperparathyroidism (seven cases): 
none had any cardiac hypertrophy. 

It is concluded that (а) excess circulating para- 
thyroid hormone is frequently associated with cardiac 
hypertrophy, including hypertrophic cardiomyopathy 
and (b) hypercalcaemia of itself does not give rise to 
cardiac hypertrophy. 


Persistent echocardiographic and endomyocardial 
biopsy abnormalities after Coxsackie B 
myopericarditis 


D O'Neill, G Lindop, H J Dargie 
Departments of Cardiology and Pathology, Western 
Infirmary, Glasgow 


In order to assess the long term effects on cardiac 
function of Coxsackie B myopericarditis (CM) we per- 
formed M mode echocardiography on 47 consecutive 
patients (24 male and 23 female, aged 42(13) years at a 
mean follow up time of 40 months (range 6-70 
months) after diagnosis. These patients were com- 
pared with 42 normal control subjects (20 male and 22 
female, aged. 32(12) years. Mean right ventricular 
dimension was significantly greater at 2-35 cm in the 
CM group compared with 1:95 cm in the control 
group (p<0-001); increased right ventricular dimen- 
sion (72-6 cm) was present in 11 patients, and in 
seven this was the only abnormality found. Mean left 
ventricular internal dimensions were similar in both 
groups but in three patients left ventricular end dias- 
tolic dimensions were similar in both groups but in 
three patients left ventricular end diastolic dimension 
was increased (75-7 cm), and seven patients showed a 
reduction in left ventricular shortening fraction to 
«2595. In all, echocardiographic abnormalities were 
found in 16 patients (3496), of whom 13 were male. 
Nine patients, eight of whom had an abnormal 
echocardiogram, also underwent endomyocardial 
biopsy. Three biopsies showed continuing active 
myocarditis with ongoing myocyte destruction, and 
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six showed focal inflammation with replacement 
fibrosis indicating healing myocarditis. We conclude 
that persisting echocardiographic abnormalities are 
common after CM, right ventricular enlargement 
being the most frequent finding which may occur in 
the absence of detectable left ventricular abnormality. 
Persistent low grade myocarditis may occur even in 
the absence of symptoms or cardiac enlargement. No 
progression to dilated cardiomyopathy has been 
observed so far. 


Right ventricular wall thickness in hypertrophic 
cardiomyopathy: the relationship to clinical and 
prognostic features 


R Foale, A Kleinebenne, P Nihoyannopoulos, 

W J McKenna 

Hammersmith Hospital, Royal Postgraduate Medical 
School, London 


Right ventricular hypertrophy (RVH) is found at 
autopsy in the majority of patients with hypertrophic 
cardiomyopathy (HCM) who die suddenly. Until 
recently it has been difficult to measure right ventricu- 
lar wall thickness in vivo. We have performed dual M 
mode and cross sectional echocardiography using 
right ventricular specific views to assess the presence 
of RVH and its relationship to prognostic features in 
83 consecutive adults with HCM. Twenty four nor- 
mal subjects were studied for comparison. Anterior, 
posterior, and diaphragmatic right ventricular wall 
thickness was evaluated from 13 right ventricular 
segments; 73 (88%) of patients with HCM and 20 
(83%) normal subjects had recordings from which at 
least eight segments could be measured. In patients 
with HCM, right ventricular wall thickness ranged 
from 3-20 mm compared to the normal group in 
which right ventricular wall thickness measured 4 
mm. Thirty two (4496) patients with HCM had at 
least one segment 75 mm and were thus considered to 
have RVH. In this group, the coefficient of variation 
of right ventricular wall thickness was 0-30% (median 
9). In HCM patients without RVH, the coefficient of 
variation was 0-15% (median 11), which was similar 
то normals, 0—1596 (median 10). RVH in patients with 
HCM was symmetric in all but three and was more 
common in those with severe left ventricular hyper- 
trophy (EVH. 60f:20 mm (р<0-02): RVH: was neither 
related nor associated with a raised LVEDP, pulmo- 
nary arteriolar resistance, and RV or LV gradients. 
RVH was associated with dyspnoea (p<0-05) and 


- with ventricular tachycardia during 48 hour Holter 


ECG (p« 0-01). RVH is common іп HCM, appears to . 
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be due to primary myopathic involvement rather than 
changes secondary to LV dysfunction, and is associ- 
ated with ventricular tachycardia. RVH may improve 
the specificity of ventricular tachycardia as a marker 
for sudden death in adults with HCM. 


Prognostic indicators in dilated cardiomyopathy 


R Diaz, А Obasohan, Н Newman, J F Goodwin, 
Celia Oakley 

Hammersmith Hospital, Royal Postgraduate Medical 
School, London 


One hundred and sixty nine patients aged 18 to 64 
years with dilated cardiomyopathy were studied. 
Known causes of left ventricular failure were 
excluded by definition. All patients underwent car- 
diac catheterisation and none had coronary artery dis- 
ease. Ат the time of diagnosis the left ventricular end 
diastolic pressure was elevated (24(10) mm Hg); the 
ejection fraction was depressed (29(13)96); and both 
the left ventricular end systolic volume (105(57) ml/ 
m2) and the left ventricular end diastolic volume 
(148(64) ml/m?) were increased. The mean follow up 
was 5-5(4-2) years. During this period 102 (60%) 
patients died. The average duration from the onset of 
symptoms to death was 4-1 (3-7) years. One year and 
five year mortality rates were 34-7% and 59-496 
respectively with most deaths (44-196) occurring dur- 
ing the first two years of follow up. When the charac- 
teristics of the survivors and non-survivors were com- 
pared non-survivors had higher left ventricular end 
diastolic pressure (23 compared with 17 mm Hg; 
p<0-001); lower ejection fraction (25 compared with 
3396; p«0-005); and larger left ventricular end sys- 
tolic volume (129 compared with 87 ml/m?; p« 0-01) 
and left ventricular end diastolic volume (173 com- 
pared with 131 ml/m?; p<0-01) than did the sur- 
vivors. Recent pregnancy and heavy alcohol intake 
did not seem to influence prognosis. Ventricular 
tachycardia or multiforms on Holter recording were 
more common in the non-survivors but were a feature 
of worse left ventricles and not an independent risk 
factor. When treatment was compared no differences 
were found between the two groups and vasodilators 
could not be shown to influence survival, having been 
given to about a quarter of the patients in each group. 
Dilated cardiomyopathy has a high mortality with 
survival time apparently related only to the severity of 
left ventricular impairment at presentation. 
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Radiation hazards associated with percutaneous 
transluminal coronary angioplasty 


K Faulkener, H G Love, R Bardsley, S T Jeans, 
] Sweeney 

Christie Hospital and Holt Radium Institute and 
Manchester Royal Infirmary, Manchester 


Percutaneous transluminal coronary angioplasty is a 
recognised technique in the management of coronary 
disease. The Simpson method as been adopted in this 
unit. The radiation dosage to patients and operators 
was studied. Scattered dose measurements were made 
at the thyroid, ovaries, and testes in 15 patients. 
Whole body integral doses to patients were deter- 
mined from exposure area products. Doses to patients 
decreased with experience and new guide wire sys- 
tems. Data concerning staff indicated the operator 
would exceed the occupational dose limit to the eye if 
more than 120 percutaneous transluminal coronary 
angioplasties were performed per year. When other 
invasive procedures including catheterisation and pac- 
ing were included this limit dropped to only 60 
examinations per year. Likewise repeat cardiac 
catheterisation increases gonadal doses to patients. 

The following recommendations are made (a) 
operators should consider extra eye protection such as 
lead glass spectacles, photochromic lenses, or portable 
acrylic screens and (b) patients undergoing per- 
cutaneous transluminal coronary angioplasty during 
the reproductive period should have gonadal protec- 
tion at the time of angioplasty and during subsequent 
procedures. It is emphasised that the operator is at 
major risk of cataract development if such precautions 
are not taken. 


Pericardoscopy—a new approach in the 
management of pericardial effusions of unknown 
aetiology 


S Westaby 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Treatment of reaccumulating pericardial effusions 
with cardiac tamponade often presents difficulties. 
Failure to obtain a diagnosis by needle aspiration and 
cytology is usually followed by subxiphoid surgical 
drainage, though access to anything but the 
diaphragmatic pericardium is limited. Pericardoscopy 
was used to inspect the interior of the pericardium in 
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seven patients with large effusions of unknown aetiol- 
ogy. Under general anaesthesia the pericardium was 
approached by the subxiphoid route and drained 
through a small incision, The sac was then washed 
with warm saline and refilled. Visual inspection was 
carried out with both a cystoscope and fibreoptic 
bronchoscope. The anterolateral aspects of the heart 
and pericardium were easily seen with the rigid 
instrument. The fibreoptic scope could be passed 
around the heart to the posterior pericardium. In five 
patients otherwise inaccessible invasive tumours were 
seen and biopsied. Two were bronchogenic, one 
thymic, one a mesothelioma, and one adenocar- 
cinoma. Two patients had infective effusions, one 
tuberculous and the other viral. Pericardectomy was 
carried out under the same anaesthetic in the tuber- 
culous patient, The only adverse effects were ectopic 
beats when the heart was touched and minor bleeding 
from the biopsy sites. A pericardial drain was left in 
situ at the end of the procedure in each case. 

In conclusion pericardoscopy provides useful 
information in patients with pericardial effusion of 
unknown aetiology who require surgical pericardial 
drainage. 


Left ventricular bands: a morphological study 


L M Gerlis, Helena Wright, N Wilson, D F 
Dickinson : 
Killingbeck Hospital, Leeds 


Discrete fibromuscular structures crossing the left 
ventricular cavity (LV bands) were recognised many 
years ago but recently cross sections echocardiogra- 
phy has resulted in a renewal of interest. It has been 
suggested that they might be responsible for a variety 
of problems. To assess their significance we studied 
autopsy specimens from 636 children’s hearts (581 
with congenital malformation, 55 normal) and 50 
adult hearts with acquired disease. We also studied 
159 hearts from six different animal species. LV 
bands were present in 47-796 of the children’s hearts 
(with no difference in prevalence between the normal 
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hearts and those with congenital malformations) and 
in 5296 of the adult hearts. In 2096 of cases with bands 
the bands were multiple. Almost invariably bands 
were attached to the septum at one end with the 
peripheral attachment to either papillary muscle or 
the ventricular free wall. In animals, bands were pres- 
ent in 100% of sheep, cats, horses, and dogs, in 86% 
of pigs, and 92% of oxen. А characteristic pattern was 
present in each species. Left ventricular bands are 
common and might therefore by chance alone be 
associated with almost any physical sign or symptom. 


Increased prevalence of mitral valve prolapse 
associated with an elevated type III:III--I collagen 
ratio 


C E Handler, A H Child 
Guy's and St George's Hospitals, London 


The precise biochemical basis for the mitral valve pro- 
lapse syndrome remains unclear. We have assessed 
the presence of mitral valve prolapse clinically and 
with phono and M mode and cross sectional echocar- 
diography in 14 female patients (age range 22—57 
years) who had joint hypermobility. A raised type 
IIEHI-I collagen ratio (range 24-46%, mean 30.7%) 
(normal 21-23%), measured by a new method using 
Sodium ^ dodecylsulphate polyacrylamide elec- 
trophoresis from skin biopsies, was found in all the 
eight patients samples. An increased aortic wall com- 
pliance (100-217%, mean 150-796) (normal 80-120%), 
measured by Doppler ultrasound, was found in 13 
patients. Nine patients (64%) had mitral valve pro- 
lapse, a prevalence at least three times greater than 
that in the adult population. There was also a trend 
for an increased prevalence of mitral valve prolapse 
and higher collagen III:III+I ratios with increasing 
age. 

We conclude that although mitral valve prolapse 
was not a totally consistent finding an abnormality of 
collagen biosynthesis may be an important cause of 
this common cardiac condition. 


Br Heart ў 1985; 53: 116-7 
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Computed tomographic appearances of cardiac 


amyloidosis 


Sir, 

T Sekiya et al (1984; 51: 519-22) described the use- 
fulness of computed tomography in differentiating 
cardiac amyloidosis from both constrictive pericarditis 
and primary myocardial hypertrophy. Interestingly, 
they emphasised the radiological features of cardiac 
amyloidosis: a lower myocardial density on precon- 
trast tomograms with diffuse thickening of the 
myocardium on postcontrast tomograms. These 
observations require some comment. Firstly, the 
inconspicuous diffuse thickening of the left ventricu- 
lar myocardium is not (as stated in the legend of Fig. 
2b) a precontrast but a postcontrast tomogram as 
indicated by the aortic opacification. Secondly, we 
completely agree with Dr Sekiya about the mean 
density value of precontrast computed myocardial 
amyloid tomograms. We have recently seen a 64 year 
old woman with systemic amyloidosis that was reac- 
tive to a cutaneous fistula of chronic empyema con- 
unuously fed by an oesophageal communication. 
Myocardial density measured by three rectangular 
regions of 29 pixels each (30-4 (3-4) Hounsfield units 
(HU)) is comparable to Dr Sekiya’s findings (30-6 
(3-4) HU) and does not present any overlap with nor- 
mal myocardial density (Figure). Thirdly, whether or 
not computed tomography can also differentiate car- 
diac amyloidosis from other forms of restrictive car- 
diomyopathy is debatable. It could, however, be sus- 
pected that precontrast myocardial density of cardiac 
haemochromatosis will be different from cardiac 
amyloidosis density. 

Finally, whatever its exact origin—immunogenic or 
reactive systemic—amyloidosis in western countries is 
the most frequent cause of restrictive car- 
diomyopathy. Echocardiography delineates correctly 


the range of cardiomyopathies. The features of 


restrictive cardiomyopathy are: (a) normal left and 
right ventricular size, (b) thickened walls, (с) globally 
reduced left ventricle, and (d) left atrial enlargement 
(50%) and pericardial effusion (5896).! A particular 
echocardiographic feature indicating the amyloid 
origin is the granular sparkling appearance of the 
affected cardiac walls.! We believe therefore that 
echocardiography remains the cornerstone of cardiac 
amyloidosis diagnosis; in most cases it is the best 
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means of excluding constrictive pericarditis. 
Nevertheless, the echocardiographic features of car- 
diac amyloidosis could sometimes be misleading in 


Figure Precontrast (a) and postcontrast (b) tomograms 
showing a low septal density before contrast injection. 1, 2, and 3 
indicate the three rectangular regions of 29 pixels each 
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patients with hypertrophic cardiomyopathy. In such 
cases computed tomography may compete with 
endomyocardial biopsy in providing a correct diag- 
nosis. 


P Depelchin,* 

G Kuhn,t 

Departments of * Medical Cardiology and 
TRoentgenology, 

Hopital Academique Erasme, Université Libre de 
Bruxelles, 

Route de Lennick 808, 

B 1070 Bruxelles, Belgium. 
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This letter was shown to the authors, who reply as 
follows: 
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Sir, 
The letter by Drs Depelchin and Kuhn documents an 
additional case of cardiac amyloidosis, in which the 
computed tomographic appearances are similar to 
those in our paper (1984; 51: 519-22). They also cor- 
rectly point out that the description of a postcontrast 
computed tomogram was omitted in the legend of 
Fig. 2b in our report. 

I would totally agree with their opinion that com- 
puted tomography provides important information 
for the diagnosis of cardiac amyloidosis but that 
echocardiography still remains the imaging method of 
choice in the screening of the disease and in the dif- 
ferentiation of the disease from constrictive pericar- 
ditis. Computed tomography would, however, be 
more useful when echocardiography is technically 
difficult in patients with obesity or emphysema. 


Tohru Sekiya, 

Department of Radiology, 

Jikei University School of Medicine, 
Nishi-Shinbashi, 

Minato-Ku, 

Tokyo 105, Japan. 


Use of the exercise maximal ST segment/heart rate 
slope in assessing the results of coronary angioplasty 


Sir, 

We have read with interest the article of Silverton et al 
(1984; 51: 379-85), which essentially reflects our 
own opinion, except for a detail which we would like 
to point out. In fact, we are not convinced that the use 
of bipolar leads, especially CMS, as proposed by the 
authors, improves the sensitivity of the test dramati- 
cally. 

We have recorded routine exercise electrocardio- 
grams in patients before and after transluminal coron- 
ary angioplasty. All patients underwent bicycle exer- 
cise in the sitting position with monitoring leads V2, 
V5, and aVF. The signals were digitised and proces- 
sed for averaging and artefact reduction. 

In 40, patients who successfully underwent per- 
cutaneous transluminal coronary angioplasty the 
exercise electrocardiogram correlated well with the 
angiographic results: mean reduction in the degree of 
stenosis of 72.496 (range 84-9 to 12-596; p<0-005), 
improvement of maximum predicted heart rate (65-5 
(8)% to 82 (8-6)96; p<0-01), mean exercise time (48 


(18) min to 5-8 (L4) min; р<0-05), maximal . 


ergometric load (133 W/2-8 min (18/1-2) to 152 W/3 
min (11/1-6); р<0:05), and maximal rate- pressure 
product (16-592 (128) to 25-807 (161); p<0-001). The 


maximal ST depression at postangiography ergometry 
fell from 2-8 (1-1) mm to 0-38 (0-06) mm (p<0-01). In 
10 patients in whom transluminal coronary angio- 
plasty was unsuccessful we failed to observe any 
significant change in the exercise electrocardiogram 
after operation. 

While we agree with Silverton et al that exercise 
testing is of value in the follow up of patients after 
transluminal coronary angioplasty, we consider that 
the same good correlations between stenosis reduction 
and improvement of the exercise electrocardiogram 
can be obtained with unipolar conventional (V2, V5, 


aVF) leads. 


Leo Finci, 

Jean Jacques Goy, 

Raymond Maendly, 

Milan Grbic, 

Ulrich Sigwart, 

Division of Cardiology, 

Department of Internal Medicine, 
Centre Hospitalier Universitaire Vaudois, 
СН-1011 Lausanne, 

Switzerland. 
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Intensive care and emergency medicine 


The fifth international symposium on intensive care 
and emergency medicine will take place in Brussels 
from 26 to 29 March 1985. Further information may 
be obtained from Dr J-L Vincent, Department of 
Intensive Care, Erasme University Hospital, Route de 
Lennik 808, B-1070 Brussels, Belgium. 


British Cardiac Society 


The Annual General Meeting for 1985 will take place 
in Birmingham on 17 and 18 April 1985, and the 
closing date for receipt of abstracts will be 8 January 
1985. 

The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 


Cardiac pacing and electrophysiology 


The Third Asian Pacific Symposium on Cardiac Pac- 
ing and Electrophysiology will be held from 27 to 30 
October 1985 at the Melbourne Hilton, ‘Melbourne. 
Further information may be obtained from: 
Secretary-General, 3rd Asian-Pacific Symposium on 
Cardiac Pacing and Electrophysiology, Department of 
Cardiology, Suite 3.5, Epworth Medical Centre, 62 
Erin Street, Richmond 3121, Victoria, Australia. 


Authors’ checklist 


The journal is providing a checklist (see p119) for 
the use of authors preparing articles for possible pub- 
lication to enable them to ensure that their manu- 
scripts comply with the journal’s requirements before 
submission. Would authors therefore please make a 
copy of the checklist and send it completed with their 
manuscripts. 
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CHECKLIST 


Please make a photocopy of this chechlist, complete, and 
send with all manuscripts submitted for publication. 


General 
LITwo complete sets of the manuscript (including 2 
sets of figures) are submitted. 


LIThe manuscript is typed treble spaced throughout 
on one side only on 22x28 cm (8% Х 11") opaque 
white bond paper with 3 cm margins all around. 


OThe manuscript is arranged as follows: (1) title 
page, (2) summary, (3) text, (4) references, (5) 
legends, (6) tables. Pages are numbered consecu- 
tively, beginning with the title page as page 1. 


CThe last name of the first author is typed at the top 
right corner of each page. 


Title page 


ОТће title and authors’ names with symbols (* T £ 


etc) to indicate place of appointment are typed on 
the title page. 


LlOnly three authors’ names are given for case 
reports. 


OThe name and address of the institutions from 
which the work originated are included. 


LIThe full name, exact postal address with postal 
code, and telephone number of the author to whom 
communications, proofs, and requests for reprints 
should be sent are typed at the bottom. 


Summary 
CIA summary (excluding statistical data) is typed 
treble spaced on a separate page. 


[}Тһе summary is substantive rather than purely 
descriptive. 


LlAbbreviations other than 
measurement are not used. 


standard units of 


Text 

LlJAbbreviations or acronyms are always written out 
in full (for example, ECG, electrocardiogram; 
LVH, left ventricular hypertrophy; CAD, coronary 
artery disease, MI, myocardial infarction). 


LJOnly units of measurement and mathematical for- 
mulas and calculations are abbreviated and they fol- 
low the form recommended in Uniform Require- 
ments for Manuscripts Submitted to Biomedical 
Journals (Br Heart F 1984; 51: 1-6). 


LlAppropriate headings and subheadings are pro- 
vided. 


ClEvery reference, figure, and table is cited in the text 
in numerical order. (Order of mention in text 
determines the number given to each.) 


Acknowledgments and details of support in the 
form of grants, equipment, or drugs are typed at 
the end of the text, before references. 


References 

CIJReferences are identified in the text by arabic nu- 
merals; no more than three references are cited for 
any one statement. 


LIReferences are typed treble spaced on sheets sep- 
arate from the text (numbered consecutively in the 
order in which they are mentioned in the text) in the 
Vancouver style. 


(Journal references contain inclusive page numbers; 
book references contain specific page numbers. 


LlAbstracts and letters are indicated in parentheses. 


LlPersonal communications, manuscripts in prep- 
aration, and other unpublished data are not cited in 
the reference list but are mentioned in the text in 
parentheses. 


LlAbbreviations of journals conform to those used in 
Index Medicus, US National Library of Medicine. 
The style and punctuation of the references follow 
the format illustrated in the following examples: 

journal: (list all authors if six or less; otherwise 
list first three and add et al; do not use full stops 

after authors' initials) 
3] Balcon R, Brooks N, Layton C. Correla- 
tion of heart rate/ST slope and coronary 
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120 
angiographic findings. Br Heart F 1984; 52: 
304-8. 


Chapter in book: 

28 Schiebler GL, Van Mierop LHS, Krovetz 
LJ. Diseases of the tricuspid valve. In: 
Moss AJ, Adams F, eds. Heart disease in 
infants, children and adolescents. Baltimore: 
Williams and Wilkins, 1968:134—9. 

Book (personal author or authors): (all book refer- 
ences should have specific page numbers) 

36 Feigenbaum H. Echocardiography. 3rd ed. 
Philadelphia: Lea and Febiger, 1981:549— 
63. 


Figure legends 

(Figure legends are typed treble spaced on аб 
separate from the text, and figure numbers corre- 
spond with the order in which figures are presented 
in the text. 


ПАЦ abbreviations appearing on the figures are 
identified at the end of each legend. 


Written permission from the publisher and author 
to reproduce any previously published figures i is 
included. 


Figures 

C)Two sets of unmounted glossy prints (not originals) 
of each photograph and drawing are submitted in 
two separate envelopes. 


LIFigures, particularly half tones and ECG tracings, 
have been submitted with the following guidelines 
in mind: the detail on the figure is sufficiently clear 
to withstand reduction; the maximum width for 


Checklist 


one column figures is 7 cm or 234" and for two 
column figures 14 cm or 5%” maximum; and special 
features are фена by arrows. 


OBlack ink is “зей гаш line drawings. Decimals, 
lines, etc must -be strong enough for reproduction. 


LIThe first author's last name, figure number, and 
"top" are indicated on the back of each illustration 
inlight black pencil, preferably on a gummed label. 


DlFigure title and caption material appear in the 
legend not on the figure. 


-LIFigures are limited to the number necessary for 


clarity. (Estimates for colour work will be provided 

` оп acceptance of the manuscript for publication. 
АП costs of colour printing will be charged to the 
author(s).) 


Tables 


Tables are typed treble spaced on separate sheets 
with the table number and title above the table and 
explanatory notes below. The table numbers are 
arabic and correspond with the order in which the. 
tables are presented in the text. 


CIA footnote to each table identifying all abbrevia- 
tions used is provided. 


ClTables are self explanatory, and the data are not 
duplicated in the text or figures. 


LIWritten permission from the publisher and author 
to reproduce any previously published tables is 
included. 
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Stroke distance—an improved measure of 


cardiovascular function? 


D G GIBSON 


From the Cardiac Department, Brompton Hospital, London 


Over the past few years, methods of measuring car- 
diac output based on ultrasound techniques have 
shown considerable promise. These estimates com- 
bine the time integral of blood flow velocity, deter- 
mined by Doppler, with the cross sectional area at the 
point of measurement.!~3 The method has been 
shown to be applicable at several points within the 
circulation including the atrioventricular valves, the 
pulmonary valve, and the aortic root or ascending 
aorta. А number of practical problems remain. It 
must be assumed that blood flow is laminar. Cross 
sectional areas estimated by M mode or cross sectional 
echocardiography are dependent on the resolution of 
these techniques. The orifice must be assumed to be 
circular and not to vary during the cardiac cycle, or its 
geometry must be measured throughout. Despite 
these limitations, published results indicate that val- 
ues can be obtained over a wide range from individual 
patients which agree closely with those derived from 
established invasive methods. 

A new approach to these measurements is put for- 
ward in the paper by Haites et al in the present issue 
of this journal (p 123). They have used transaortic 
velography to determine blood flow velocity and its 
time integral over systole, which they refer to as 
stroke distance. They suggest that such measure- 
ments may be used to assess cardiac output without 
conversion to a volumetric measurement or correction 
for body size. Both stroke distance and minute dis- 
tance decline during adult life at a rate of approxi- 
mately 196 a year. Values of both are higher than 
normal in pregnant women, decreased in patients 
with hypertension, atrial fibrillation, or cardiac fail- 
ure, and normal in those convalescing after myocar- 
dial infarction. The authors conclude that such meas- 
urements constitute-a “safe, simple, and physiologi- 


Requests for reprints to Dr D Gibson, Cardiac Department, Bromp- 
ton Hospital, London SW3 6HP. 


cally valid way of assessing cardiac output.” They also 
suggest that they may approximate even more closely 
to stroke index, since the Doppler time integral is 
multiplied by one quantity with the dimensions of 
cm?, aortic cross sectional area, and divided by 
another, body surface area. 

There are several ways in which the suggestions put 
forward here might have been substantiated. А close 
correlation between stroke index and stroke distance 
might have been demonstrated in individual patients; 
however, no independent measurements of cardiac 
output were made, although this might have been 
expected in such a study. It might have been possible 
to show that the extent of natural variation in a normal 
population was lower for stroke distance than for 
other more commonly used measures of flow. This 
problem has not been specifically addressed, and the 
use of standard errors rather than standard deviations 
does not highlight the information. Nevertheless, the 
9596 confidence limits around the normal populations 
in Fig. 3 and 4 (p 126) are substantial, and at first 
sight do not seem to be significantly less than those 
around cardiac or stroke index. The suggestion is also 
made that aortic cross sectional area reflects body size 
and metabolic requirements better than surface area. 
Again, no data are presented to support this 
hypothesis, and measurements in published reports 
lend no support to it. Even during the period of 
growth when correlation between aortic size and body 
surface area would be expected, directly measured 
confidence limits are wide, the 9596 limits for aortic 
dimension being 1696 in the study of Henry et al;* 
corresponding to a 3096 variation in area. That 
demonstrated by Корё et al is even larger, the 90% 
limits being approximately 30% in dimension at a 
body surface area of 1-5 m?, corresponding to a range 
of area of more than 5096. There seems to be no 
reason to suppose that these limits would be any nar- 
rower in disease or that they would be reduced if 
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"metabolic requirements" were taken into account. 
Thus, although the authors’ thesis that stroke index 
and stroke distance both have the same units— 
length—is correct, this dimensional equivalence is not 
accompanied by corresponding biological 
significance. 

While the positive findings in the different patient 
groups in this study are of interest, they are not 
specific. In the present series, stroke distance fell with 
age; this might have been due to a reduction in stroke 
index or to an increase in aortic cross sectional area. In 
hypertensive patients, particularly when some are 
receiving treatment with beta blocking drugs, a var- 
iety of mechanisms can be invoked, including depres- 
sion of ventricular function, increased afterload, sym- 
pathetic inhibition, and increase in cardiac output in 
the early stages of the disease, so that any value of 
stroke distance can be explained, whether high, nor- 
mal, or low. Similar considerations apply for patients 
with atrial fibrillation of differing aetiology or for an 
unselected group after myocardial infarction, where 
low as well as normal values could be accounted for 
with equal facility. Stroke distance seems to have 
much in common with other measurements such as 
arteriovenous oxygen difference or even circulation 
time, which are likely to have varied in a similar man- 
ner as stroke index in the patients studied. These all 
share the disadvantage that when values occur outside 
the expected range the underlying mechanism is never 
clear. 

In summary, I consider that measurements of cross 
sectional area should continue to be made in associa- 
tion with estimates of blood flow velocity. In this way 


Gibson 


stroke volume and cardiac output can be obtained, 
which are recognised variables describing circulatory 
function and which can be estimated and correlated 
with more direct measurements. Failure to determine 
aortic root area will introduce a major additional 
source of variance in the relation between stroke dis- 
tance and stroke volume index, which could readily 
be avoided by simple echocardiographic measure- 
ments. The case for considering stroke or minute dis- 
tance as equal or even superior to current measure- 
ments of blood flow remains unproved. 
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Assessment of cardiac output by the Doppler 
ultrasound technique alone 


NEVA Е HAITES,* FIONA M McLENNAN,T DONALDHR MOWAT;,t JOHN MRAWLES* 
From the *Department of Medicine, University of Aberdeen, and the TAberdeen Maternity Hospital, Aberdeen 


SUMMARY The normal range of aortic blood velocity was established in 140 healthy adults, using a 
non-invasive Doppler ultrasound technique. Integration of the area under the velocity-time curve 
for each heart beat gave stroke distance, which, when multiplied by heart rate, gave minute dis- 
tance. Stroke distance and minute distance are an indication of stroke volume and cardiac output 
respectively and both show a progressive decline with age of about 196 per annum of adult life. 
Stroke distance gave the greatest discrimination between patient groups and, compared with age 
corrected normal values, was increased by 4396 in 12 pregnant women, normal in 16 patients 
convalescing after myocardial infarction, and decreased by 14% in 15 patients with hypertension, by 


3196 in 12 patients with atrial fibrillation, and by 43% in 13 patients with cardiac failure. 
Measurement of aortic blood velocity and its derivatives alone, without determination of aortic 
size, is a safe, simple, and physiologically valid way of assessing cardiac output. 


Cardiac output is the ultimate expression of 
cardiovascular function, yet we learn little about 
either from clinical examination. Even the physical 
signs attributed to cardiac failure are not pathog- 
nomonic of impaired cardiac function but may also be 
found when the heart is functioning normally with 
volume overload of the circulation. In a whole variety 
of clinical situations there is therefore a need to be 
able to assess cardiac output, but until now there has 
not been a satisfactory non-invasive method. 

The Doppler ultrasound technique offers the pos- 
sibility of a simple to use, non-invasive bedside 
method of measuring cardiac output, giving absolute 
values of blood flow for a modest capital outlay and 
low running cost. Blood velocity is determined ultra- 
sonically at a point in the circulation where the cross 
sectional area may be measured. Three sites have been 
described: the mitral valve огібсе,! the root of the 
aorta,? and the aortic arch.? Integration of the area 
under the velocity-time curve for each heart beat gives 
a distance that, if multiplied by the cross sectional 
area at the point of measurement of velocity, gives 
stroke volume. When the measurements are made in 
the aorta there are several assumptions implicit in the 
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calculation: non-turbulent flow with a flat velocity 
profile, constant aortic diameter throughout systole, 
and total stroke volume passing the point of velocity 
measurement. If velocity is measured in the aortic 
root no allowance is made for flow to the coronary 
arteries or to the head and neck if the measurement is 
made in the aortic arch. The most difficult part tech- 
nically is measurement of aortic cross sectional area, 
but even with satisfactory measurements volumetric 
cardiac output may be considerably overestimated.5 

The technique we describe uses blood velocity 
measurements alone without estimation of cross sec- 
tional area. The arch of the aorta is used, where a flat 
velocity profile is a reasonable assumption, and blood 
flow is less likely to be turbulent than in the aortic 
root,’ although a substantial and unknown proportion 
of stroke volume has left the aorta by the time it 
reaches the point where velocity is measured. Clinical 
experience suggests, however, that measuring the 
cross sectional area is unnecessary for converting the 
velocity-time integral into a volume, the velocity 
measurements by themselves closely reflecting cardiac 
output. This is fortunate as velocity measurements 
may be made with ease even in very sick patients, 
whereas measurement of the cross sectional areas of 
either the aorta or mitral valve may be technically 
difficult in a substantial proportion of subjects. If vel- 
ocity measurements are used by themselves to assess 


123 


124 


cardiac output none of the assumptions mentioned 
above need be made. Velocity alone may be measured 
with equipment used by relatively unskilled staff 
whereas if combined with measurement of cross sec- 
tional area it is best done with a cross sectional 
echocardiograph with a Doppler mode. Such equip- 
ment is commercially available and may give accurate 
values for volumetric cardiac output®? but is much 
more expensive and less portable than instruments 
measuring velocity alone, which have been used in 
conjunction with echocardiography.!? !! Considerable 
skill is required to get good quality cross sectional 
echocardiograms for the measurement of cross sec- 
tional areas, and, because the equipment is multipur- 
pose, it is less likely to be available for repeated meas- 
urements at the bedside of a sick patient. 

Reproducibility of the technique of transcutaneous 
aortovelography described here is good, with a 6-696 
deviation from exact agreement with one operator and 
one of 7-3% between operators.!? While a satisfactory 
study showing correlation between aortovelography 
and cardiac output measurement has yet to be 
reported, several comparisons have been made 
between aortovelography and cardiac output meas- 
ured by thermodilution or dye dilution, which show 
close proportionality between changes in aortovelo- 
graphic variables and changes in cardiac output.!3-!5 

The safety and ease of use of the technique of trans- 
cutaneous aortovelography makes the assessment of 
cardiac output feasible in a wide range of situations, 
but validation is needed by direct comparison 
between aortovelography measurements and cardiac 
output and by performing aortovelography in patients 
known to have normal and abnormal cardiac outputs. 
We have previously reported the range of aortic blood 
velocity in normal subjects and shown that it is inde- 
pendent of sex, body surface area, and blood pressure 
but declines progressively with age.!6 We report 
results from normal subjects, pregnant women, and 
patients with hypertension, myocardial infarction, 
atrial fibrillation, or cardiac failure. 


Subjects and methods 


NORMAL SUBJECTS 

One hundred and seventy five apparently healthy staff 
and patients attending a general practice surgery were 
initially selected, but 35 were excluded after a medical 
history, physical examination, and electrocardiogra- 
phy because of known or suspected heart disease, 
hypertension, thyro&i disease, concurrent drug 
treatment, or recent intercurrent disease. The remain- 
ing 140 subjects ranged in age from 16 to 74 years 
with a balanced representation of all ages and both 
sexes. 
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PREGNANT WOMEN 

This group comprised 12 healthy women with a mean 
duration of pregnancy of 18-6 weeks and a mean age 
of 29 years. 


PATIENT GROUPS 

Hypertension—In the search for normal subjects 15 
patients with known or newly diagnosed essential 
hypertension were identified (mean age 53 years). 
Their mean blood pressure was 165/103 mm Hg 
compared with the age corrected value of 136/83 
mm Hg in the normal subjects. Six were receiving no 
treatment, five were taking beta blockers, two with 
the addition of a diuretic, and four were taking a 
diuretic alone. 

Cardiac failure—Thirteen patients with cardiac dis- 
ease were studied (mean age 57 years) who were 
admitted to hospital with clinical signs of right, left, 
or biventricular failure for which they were still 
requiring treatment. 

Myocardial infarction—Sixteen patients recuperat- 
ing from acute myocardial infarction within the previ- 
ous 10 days were studied shortly before discharge 
from hospital. None had clinical evidence of cardiac 
failure at the time of aortic blood velocity measure- 
ments. The mean left ventricular ejection fraction of 
èight patients from this group was normal at 0-62 
when measured at rest by a radionuclide method. 

Ата! fibrillation—Twelve patients (mean age 64 
years) were studied: three had mitral valve disease, 
five ischaemic heart disease or hypertension, one 
treated thyrotoxicosis, and three unexplained atrial 
fibrillation. None was taking diuretics or had a history 
of cardiac failure, eight were taking digoxin, and one 
amiodarone for the control of ventricular rate. 


AORTIC BLOOD VELOCITY MEASUREMENT 

In subjects in sinus rhythm aortic blood velocity was 
recorded over 10 cardiac cycles using the Trans- 
cutaneous Aortic Velograph (TAV) Type 1006 
(Muirhead Medical Ltd), a restyled version of the 
equipment described by Sequeira and colleagues.'3 
The recording was made with the subject supine after 
five minutes’ rest. Longer recordings of up to 200 
complexes were recorded from patients with atrial 
fibrillation as part of another study. 

À transducer, emitting continuous wave ultrasound 
at 2 MHz, is held in the suprasternal notch and 
directed at the arch of the aorta. The same transducer 
detects back scattered ultrasound which generates 
Doppler shift frequencies proportional to the vel- 
ocities of blood in the ultrasound pathway. The 
results of spectral analysis of the Doppler frequencies 
are displayed on a paper trace, which may be directly 
calibrated as aortic blood velocity against time. Angu- 
lation of the transducer is not critical, and help in 


Assessment of cardiac output by the Doppler ultrasound technique alone 





125 


Stroke distance or 








5 200 Umm. Area £= Systolic velocity integral --— 

= 150 Peak aortic ===: 

9 Е blood velocity = 

9 504 - 

а = _ 

ә 0 ER Se a И-Ы: A УЕ ЕЧЕИ д dU PENIS DNE QE ep REM RE 
5 > je] 

* 1s Flow time Flow time 


curve-following triangulation 


Fig. 1 A typical aortovelography trace showing measurement of stroke distance by curve-following and triangulation. 


positioning it is obtained by maximising the pitch of 
the Doppler frequencies played through a loud- 
speaker, at which point the ultrasound beam is in line 
with the direction of blood flow. 


INTERPRETATION OF VELOCITY MEASUREMENT 
Fig. 1 shows a typical trace. The outline of the 
velocity-time complex represents the highest velocity 
recorded in the ultrasound path at any instant. The 
complexes are approximately triangular, and the apex 
represents peak aortic blood velocity occurring in aor- 
tic midstream in midsystole, and the length of the 
base of the triangle represents the duration of left 
ventricular ejection, or flow-time. The area within the 
velocity-time complex is dimensionally a distance and 
is recorded in centimetres as "stroke distance," 
analogous to stroke volume. Stroke distance multi- 
plied by heart rate in beats per minute gives “minute 
distance," analogous to cardiac output. The velocity- 
time complex is not exactly triangular, with some 
rounding of the apex and non-linearity of leading and 
trailing edges. In our normal subjects we compare two 
methods of calculating stroke distance, by measuring 
the base and height of a superimposed best fit 
triangle, and by a curve-following programme with a 
digitiser and computer. Triangulated measurements 
of stroke distance were used in patients with atrial 
fibrillation and their controls; in other groups the 
results were calculated by curve-following. Measure- 
ments from 10 consecutive complexes were averaged 
in sinus rhythm, but up to 200 complexes were aver- 
aged in atrial fibrillation. 


STATISTICAL METHODS 

Blood velocity measurements in five patient groups 
were compared with predicted means and their 
residual standard deviations, obtained from the nor- 
mal series by using the mean ages of the patient 
groups in the linear regression equations for stroke 
distance and minute distance against age. Unpaired 


t tests were used for comparison of means which are 
given with 1 standard deviation. 


Results 


STROKE DISTANCE BY TRIANGULATION AND 
CURVE-FOLLOWING 

In 140 healthy subjects the mean peak aortic blood 
velocity was 102 cm s^! as measured by a curve- 
following programme with a digitiser. This was over- 
estimated by 1496 by triangulation, but triangulation 
slightly underestimates stroke distance, with mean 
stroke distances of 19-4 and 19-7 cm by triangulation 
and curve-following respectively. For practical pur- 
poses either method may be used to measure stroke 
distance, depending on the availability of digitising 
equipment, the close agreement between these two 
methods of measurement being shown in Fig. 2. 
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Fig. 2 Stroke distance measured by curve-following and by 
triangulation. The regression line and 95% confidence limits are 
given for data from 140 normal subjects. 
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Fig.3 Regression of stroke distance on age. The regression line 
and 95% confidence limits are given for data from 140 normal 
subjects. 


Normal subjects 

Figs. 3 and 4 show the 9596 confidence limits for the 
decline of stroke distance and minute distance with 
age. Both measurements fall by about 4596 between 
the ages of 20 and 70 years. The systolic-velocity 
integral or stroke distance is highly correlated with 
peak aortic velocity (r=0-91, p<0-001) but not with 
flow-time (r=0-08, 0-02«p« 0-4), indicating that in 
normal subjects changes in stroke distance are 
brought about by variation in blood velocity rather 
than in ejection time. 


Patient groups 

Fig. 5 shows the mean values of stroke distance and 
minute distance in pregnancy, hypertension, cardiac 
failure, myocardial infarction, and atrial fibrillation 
compared with age corrected normal values. Peak aor- 
tic blood velocity and flow time, the apex and base of 
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Fig.4 Regression of minute distance on age. The regression line 
and 9596 confidence limits are given for data from 140 normal 
subjects. 
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the triangular velocity-time complex, though not cor- 
related with each other in normal subjects, are 
nevertheless altered in the same direction in different 
patient groups. Stroke distance, the area of the com- 
plex, being closely related to the product of peak aor- 
tic blood velocity and flow-time, shows a greater sep- 
aration between groups than either of these measure- 
ments. Since a reduced stroke volume or stroke dis- 
tance will lead to an increased heart rate and a propor- 
tionately smaller reduction in cardiac output minute 
distance therefore shows less discrimination between 
groups than stroke distance. 

Pregnancy—tin pregnancy there is a 43% increase in 
stroke distance (p<0-001) resulting from a 30% 
increase in peak aortic blood velocity (p<0-001) and a 
12% increase in flow-time (p<0-01). Minute distance 
shows an even greater increase over normal at 5696 
(p«0-001) since mean heart rate is five beats per 
minute faster in pregnancy (0:1<р<0:2). 

Hypertension—Although neither peak aortic blood 
velocity or flow time are significantly reduced, stroke 
distance and minute distance are 1396 and 1596 lower 
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Еїв. 5 (a) Mean (SD) stroke distance and (b) mean (SD) 
minute distance compared with age corrected normal ( О) values 
(n—140) in five patient groups ( ®): (A) pregnancy (mean age 
29 yr); (B) hypertension (mean age 53 yr); (C) cardiac failure 
(mean age 57 yr); (D) myocardial infarction (mean age 60 yr); 
(E) atrial fibrillation (mean age 64 yr). 
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than normal respectively (p<0-05). The number of 
subjects in this group is too small to enable us to say 
whether this reduction in cardiac output is due to 
hypertension itself or its treatment. 

Cardiac failure—Peak aortic blood velocity and flow 
time are reduced by 2396 and 2596 leading to 4396 
reduction in stroke distance. Heart rate is significantly 
increased by 20 beats per minute to 90 beats/min 
(p<0-001), compensating to some extent for the 
reduced stroke distance, minute distance being 
reduced by 2896. 

Myocardial infarction —Aortic blood velocity and its 
derivatives were normal in this group of convalescent 
patients. 

Atrial fibrillation —Peak aortic blood velocity and 
flow time are both reduced by 1796 leading to 3196 
reduction in stroke distance. Ventricular rate is 
significantly increased to 87 beats per minute 
(p«0-00D, compensating partially for the reduced 
stroke distance, minute distance being reduced but 
not significantly. 


Discussion 


Cardiac output is the ultimate expression of car- 
diovascular function, so it is surprising that its meas- 
urement is made so seldom in clinical practice. This 
relates to difficulties of measurement but also to its 
interpretation. Volumetric cardiac output has to be 
corrected for variation in body size and by convention 
this is done by division with an estimate of body sur- 
face area, even though the statistical basis for this 
manoeuvre is suspect, and the correction breaks down 
in neonates.!? Cardiac output diminishes with age,!* 
but there are no generally accepted normal values 
which take age into consideration. 

Another problem is that homeostatic mechanisms 
seek to stabilise cardiac output, the most important of 
these being alteration of heart rate. Cardiac output per 
beat, or stroke volume may therefore be a more fun- 
damental expression of cardiovascular function, and 
that too is usually corrected for body size by division 
by body surface area. By dimensional analysis, 
volume/area=distance and stroke volume/body sur- 
face area=stroke volume index, the latter therefore 
being a linear measurement of distance. 

Non-invasive measurement of cardiac output by 
combined Doppler and echocardiography depends on 
measurement of the systolic velocity integral, or 
stroke distance, and the cross sectional area at the 
point where the velocity measurement is made. The 
systolic velocity integral is then multiplied by the 
cross sectional area to give stroke volume. The rela- 
tion between stroke volume and stroke distance 
measured in the aorta is thus approximately as fol- 
lows: stroke volume/aortic cross sectional area=stroke 
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distance. Put in this way we see the close analogy 
between stroke volume index and stroke distance. 
Both are unidimensional and corrected for variation in 
body size, the former by body surface area and the 
latter by aortic cross sectional area, which may reflect 
body size and metabolic requirements rather better 
than body surface area. Having measured stroke dis- 
tance directly we consider it unnecessary to convert it 
to a volumetric measurement by multiplication with 
aortic cross sectional area only to correct for body size 
by dividing arbitrarily by another area, that of the 
body surface. 

If stroke distance is biologically corrected for body 
size there should be no correlation with body surface 
area, which is indeed the саѕе,!6 and aortic blood vel- 
ocity might be expected to have a similar value 
throughout infancy and childhood, which is also 
true,!? which cannot be said of the cardiac index.?° 2! 

These results indicate that once a normal range of 
values is established, aortic blood velocity measure- 
ments may be used by themselves to assess cardiac 
output without conversion to a volumetric measure- 
ment or correction for body size. The pronounced 
decline of aortic blood velocity and its derivatives with 
age means that age correction is necessary, however, 
but prediction of mean values at any adult age under 
75 years is readily done from our data using the 
regression equations relating velocity measurements 
to age. 

There are two possible reasons for the reduction of 
aortic blood velocity and its derivatives with age: 
reduction of cardiac output and enlargement of the 
aorta. Volumetric cardiac output decreases by about 
196 per annum between the ages of 20 and 80,!8 a 
comparable figure to the decline of minute distance of 
0-8896 a year in our series. Furthermore, during adult 
life there may be some passive dilatation of the aorta, 
but evidence on this point is scanty. One source 
reports an increase in external aortic diameter of 
0-75% a year.?? 

In pregnancy, an increase in both stroke volume 
and heart rate contribute to an increased cardiac out- 
put of about 40% in mid-trimester.?? Our finding of a 
56% increase in minute distance is a higher percentage 
increase than has been recorded for cardiac output, 
but we have confirmed this finding in a separate group 
of patients at an earlier stage of pregnancy. 

In the early stages of hypertension cardiac output 
may be raised, but later with increasing peripheral 
resistance it falls below normal.?* Treatment either 
with beta blockers or diuretics may also cause a reduc- 
tion of cardiac output,2526 so our finding of a 
significant reduction of minute distance in the hyper- 
tensive group is not unexpected. 

The definition of cardiac failure is elusive,?" but it 
has long been known that cardiac output is reduced in 
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the syndrome of congestive cardiac failure, although 
there is some overlap with the range of values found in 
normal subjects.?3 In our patients with cardiac fail- 
ure, the mean values of aortic blood velocity and its 
derivatives were all significantly reduced. Stroke dis- 
tance showed the greatest percentage reduction, an 
increased heart rate providing partial compensation 
leading to a smaller proportional fall in minute dis- 
tance. As might be expected, the range of values for 
stroke distance found in cardiac failure overlapped 
with normal age corrected values, but its measure- 
ment gives an indication of the severity of cardiac 
dysfunction that is not available from the clinical 
examination. 

At the time of discharge all aortic blood velocity 
measurements were normal in the patients with 
myocardial infarction that we studied, who had had 
an uncomplicated course with no clinical evidence of 
cardiac failure and, where measured, normal left ven- 
tricular ejection fractions. Stroke volume and cardiac 
output have been measured in patients with myocar- 
dial infarction,?? and while stroke volume and often 
cardiac output were diminished on the first days after 
infarction, both were normal by the time of discharge 
from hospital. 

In atrial fibrillation, loss of atrial function leads to 
reduction of stroke volume and cardiac output.3°3! 
Our results show a 3196 reduction of stroke distance 
in atrial fibrillation with a 1996 reduction of minute 
distance, which does not, however, achieve statistical 
significance. The increased ventricular rate in atrial 
fibrillation compensates for the fall in stroke volume 
and may well be under automatic control, especially 
in patients taking digoxin.32 Measurement of cardiac 
output in atrial fibrillation could bring a new precision 
to the control of the ventricular rate: the optimum 
rate is that which results in a normal cardiac output. 

The non-invasive assessment of cardiac output by 
aortic blood velocity measurements by themselves has 
given results that are wholly consistent with previ- 
ously published work where cardiac output has been 
measured by conventional invasive techniques. 
Because of the safety and acceptability of the method 
it is possible to collect a large series of results from 
normal subjects to compare with those from patients 
of any age, in whom it is now feasible to make fre- 
quent sequential measurements at the bedside or in 
the outpatient clinic. Cardiac output is such an impor- 
tant haemodynamic variable that its more frequent 
measurement—and a greater understanding of the 
factors that influence it—must lead to improved 
patient care. 
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Doppler echocardiographic measurement of cardiac 
output using the mitral orifice method 
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SUMMARY Cardiac output was determined in 20 patients with various cardiac conditions by measur- 
ing the cross sectional area of the mitral orifice by echocardiography and the transmitral flow by the 
Doppler technique. Cardiac output was calculated by multiplying the corrected mitral orifice area by 
the maximum diastolic velocity integral recorded by the pulsed mode. The results were compared 
with that obtained by the Fick method. The correlation for cardiac output by the two techniques 
was high in the whole group, particularly in patients without mitral regurgitation. There was also a 
good correlation for stroke volume determined by the two methods. Cardiac output was significantly 
overestimated by the continuous mode and in patients with mitral regurgitation. These results show 
that the mitral orifice method provides a new and reliable approach to the non-invasive measurement 


of cardiac output. 


With the advent of Doppler echocardiography there 
has been an increased interest in estimating cardiac 
output by measuring aortic flow.! ? Although satisfac- 
tory results have been reported using different mod- 
els, the true value of determining the aortic cross sec- 
tional area method remains in dispute. This technique 
is invalid in patients with an abnormal aortic valve.3- 6 
Ап alternative approach to estimating cardiac output 
is to measure blood flow through the mitral orifice. 
Preliminary results obtained in animal experiments 
have been promising. There have, however, been 
few clinical studies using this approach. We therefore 
undertook the present study to evaluate the feasibility 
and validity of this method in clinical practice. 


Patients and methods 


STUDY POPULATION 

Twenty consecutive patients (11 men and nine 
women, ranging in age from 17 to 65 years) were 
studied. All patients gave their informed consent to 


participate in the study and underwent right heart -.- 
catheterisation with measurement of cardiac; output. 
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by the Fick method. The Table shows the clinical 
diagnoses. All patients were in sinus rhythm. Doppler 
echocardiography and right heart catheterisation were 
performed within 24 hours by different investigators, 
and the results were not compared until after the 
study was completed. 


THEORETICAL CONSIDERATIONS 

Transmitral flow (MF) can, be calculated as: 
MF=fV(t) CSA(t) dt where V is the spatial mean 
blood velocity, CSA is the cross sectional area of the 
mitral orifice, and t indicates that both V and CSA are 
functions of time. 

The maximal mitral orifice area can readily be 
measured from the parasternal left ventricular short 
axis view. Since the mitral orifice area, however, 
changes considerably during diastole the maximal 
area must be corrected for such variations. Assuming 
that the normal mitral valve orifice varies throughout 
diastole as a series of ellipses, the changes of the 
mediolateral diameters of these ellipses are so small 
relative to those of anteroposterior diameters that 
these changes can be ignored. In such circumstances, 
the changes in area will be directly proportional to 
changes in anteroposterior diameter, which are shown 


"oH the derived M mode, echocardiograms. By this 
"technique, we сап obtain a ratio of the mean to maxi- 


mal opening of the mitral orifice. This ratio multiplied 
by the maximal mitral orifice.area equals the mean or 
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Cardiac output by mitral orifice Doppler 
Table Results of Doppler echocardiography in 20 patients 





Case No Diagnosis ММА (ст) MOR СМА (ст?) 
1 CAD 9-58 0-55 5-27 
2 Normal 6-98 0-61 4-26 
3 CAD 4-65 0-72 3-35 
4 PS 8-38 0-57 478 
5 САР 8-95 0-52 4-65 
6 HCM 6:50 0-80 5-20 
7 CAD 9-16 0-52 4-76 
8 Noi 742 0-62 4-60 
9 CAD and VA 9:82 0-57 5-60 

10 MR 9.72 0-63 6.12 

11 AV 7-11 0-57 405 

12 РЕ 10-60 0-65 6-89 

13 Normal 9-44 0-58 5-48 

14 7:48 0-80 5-98 

15 CAD and VA 8:26 0-51 421 

16 CAD, VA, 11:02 0-54 5-95 

апа МК 

17 ASD 6-80 0-78 5-30 

18 Р$ TU 0-60 4:66 

19 PS 7:27 0-70 5-09 

20 ASD 7.28 0-65 473 
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DVI (cm) HR(D) . SV(D) (ст) CO(D) (l/min) 
(beats/min) 
17-1 55 90 5.0 
247 96 105 10-0 
20-8 90 70 63 
23-5 58 112 65 
19-5 48 91 44 
164 62 85 53 
182 47 87 ‚#1 
17-6 75 81 6-1 
142 63 80 5.0 
19-6 70 120 8-4 
19-4 98 79 7-7 
15-1 80 104 83 
24-0 60 132 7.9 
11:9 73 71 5:2 
256 50 108 54 
174 55 104 57 
157 73 83 6:1 
18.7 67 87 58 
18.9 75 96 72 
160 70 76 53 





CAD, coronary artery disease; PS, pulmonary stenosis; HCM, hypertrophic cardiomyopathy; VA, left ventricular aneurysm; MR, mitral 


regurgitation; AV, prosthetic aortic valve; PE, pericardial sion; 


n SD, atrial septal defect; 
orifice opening ratio; CMA, corrected mitral orifice area; DVI, diastolic maximum velocity int 


MMA, maximal mitral orifice area; MOR, mitral 
recorded from position А by pulsed 


Doppler; HR(D), heart rate during Doppler examination; SV(D) and CO(D), stroke volume and саг jac output by Doppler echocardiography. 


corrected mitral area, which can then be regarded as a 
constant during diastole. 

The Doppler mean velocity is representative of the 
spatial mean velocity of the whole mitral orifice area 
only if the blood velocity profile is flat. Experimental 
data indicate that the velocity profile across the mitral 
valve is flat except for a zone of high shear near the 
margin of the anterior leaflet in mid and end diastole.? 
To our knowledge, there is no such information avail- 
able in humans. Assuming that there is a flat velocity 
profile across the mitral orifice during diastole and the 
angle between the ultrasound beam and the blood 
flow direction is 0°, the transversed distance of blood 
can be obtained by integrating the velocity during 
diastole. Cardiac output (CO) can then be calculated 
as: CO=DVIxXCMAXHR, where DVI is the diastolic 
velocity integral, CMA the corrected mitral orifice 
area, and HR the heart rate. 


ECHOCARDIOGRAPHY 

A phased array cross sectional instrument (IREX IIT) 
with a 2:5 MHz transducer was used for both cross 
sectional imaging and M mode recordings. All 
patients were examined in the left lateral decubitus 
position. After the mitral valve orifice had been 
imaged in the left parasternal short axis view, the 
transducer was angled to record the maximal mitral 
orifice area and both leaflet tips. The images were 
recorded on video tapes. By adjusting the M mode 
cursor across the middle of the mitral valve orifice, a 
derived M mode echocardiogram was obtained at a 


paper speed of 50 mm/s. 


DOPPLER TECHNIQUE 

A commercially available multifrequency (1-10 MHz) 
Doppler instrument (ALFRED, Vingmed), with 
both pulsed and continuous mode, and a transducer 
of 2 MHz were used to record the Doppler signals. 
The instrument has been described in detail else- 
where.® The sample volume in the pulsed mode is 
approximately 8 mm in diameter and 5 mm in length. 
The received signals were processed by two frequency 
estimators and converted into analogue voltages in 
proportion to the mean and maximum Doppler fre- 
quency shifts. The electrocardiograms, the mean and 
maximum velocity curves, the phonocardiograms, 
and the amplitude óf the Doppler signals were 
recorded simultaneously on a Mingograph 82 elec- 
trocardiograph (Siemens Elema) at a paper speed of 
50 mm/s. 

The Doppler probe was placed at the apex, and the 
continuous mode was first used to localise and record 
the mitral flow signals. The probe was angled by lis- 
tening to the audio signals to obtain the highest mitral 
flow velocity. The pulsed mode was then switched on 
to record the velocities from different positions: (À) 
where the mitral valve opening was first heard and 
recorded on the amplitude curves, (B) 1 cm above 
(A), and (C) where only the mitral valve closure was 
heard and recorded. Care was taken to adjust the gain 
setting properly to minimise noise interference and to 
avoid the left ventricular outflow area while still max- 
imising mitral flow. f 





Fig. 1 


(a) Short axis echocardiogram showing the maximal 
mitral valve orifice area and the position of the M mode line. (b) 
A denved M mode echocardiogram showing the method for 
calculating the mitral orifice opening ratio. The area between the 
leaflets was integrated and divided by the time interval between 
D and C points (1р _с) to obtain the mean opening which, 
divided by the maximal opening (MO), equals the opening ratio. 


DATA ANALYSIS 

The video tape recordings were analysed frame by 
frame. The frame with the maximal mitral orifice area 
within one cardiac cycle was selected and digitised by 
a computer system (CARDIO 80, Kontron) prog- 
rammed to give a planimetered area. Five to seven 
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consecutive cardiac cycles were analysed and the val- 
ues averaged (Fig. 1). 

The derived M mode echocardiograms were traced 
manually along the outermost echoes from the 
mitral valve and digitised by the same computer to 
determine the following measurements: (a) the open- 
ing area enclosed by the two leaflets; (b) the time 
interval between the D and C points of the mitral 
valve; (c) the mean opening of the two leaflets, which 
was obtained by dividing (a) by (b); (4) the maximal 
opening, which corresponds to EE’ or AA’ depending 
on which is the larger; and (e) the mean to maximal 
opening ratio, which was obtained by dividing (c) by 
(d). Ten consecutive cardiac cycles were digitised and 
the mean opening ratio calculated (Fig. 1). 

The diastolic velocity integral was determined by 
tracing and digitising the area under the mitral flow 
velocity curves over 10 cardiac cycles. Since max- 
imum velocities are less affected by errors in aiming 
than mean velocities®’ we integrated the maximum 
velocity curves. The integration was ended at the 
mitral valve closure component of the first heart 
sound, which was identified by the recordings at posi- 
tion C. The mitral velocity recorded at position A was 
used to calculate cardiac output (Fig. 2). 


ECG 










1 
m/s oj / 
Phonocardiogram 





Fig. 2 Electrocardiogram (ECG), phonocardiogram, and 
pulsed Doppler recordings showing (a) the maximal and (b) mean 
velocity, (c) the amplitude of Doppler signal, and the technique of 
integrating the maximum velocity (hatched area). 
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Fig.3 (a) Diastolic velocity integrals recorded by the pulsed 
mode Doppler technique from different positions (A, B, and C) 
and by the continuous mode. (b) Cardiac output determined by 
Doppler echocardiography using different diastolic velocity 
integrals and by the Fick method. Values are mean (SD). 


FICK METHOD 

Cardiac output was measured in the catheterisation 
laboratory using the standard Fick method. Oxygen 
in air and blood was measured using ABL-3 and 
OSM-3 instruments (Radiometer, Copenhagen) 
respectively. Stroke volume was computed by divid- 
ing cardiac output by heart rate measured during the 


— Fick procedure. 
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STATISTICS 

Statistical analysis was performed using paired t tests 
and correlation and linear regression analysis. АП 
results are given as mean and 1 standard deviation 
(SD). 


Results 


DOPPLER ECHOCARDIOGRAPHY 
'The Table shows the individual results of Doppler 
echocardiography. Technically adequate recordings 


"of cross sectional and M mode echocardiograms were 


obtained in all patients. The values for the maximal 
mitral orifice area varied between 4-65 and 11:02 cm? 
(8-21 (1:57) cm?). The smallest value was found in one 
patient with coronary artery disease (case 3), who also 
had the lowest stroke volume by Doppler echocar- 
diography. The largest value was found in one (case 
16) of the two patients with mitral regurgitation, both 
of whom were characterised by a high stroke volume 
by Doppler echocardiography. The values for the 
mitral orifice opening ratio varied between 0:51 and 
0-80 (0-62 (0-09)). The highest values were found in 
two patients with hypertrophic cardiomyopathy (cases 
6 and 14), which was related to the reduced EF slope 
in these patients. The corrected mitral orifice area 
ranged from 3:35 to 6-89 cm? (5:05 (0:82) cm?). The 
smallest value was found in the patient with the smal- 
lest maximal mitral orifice area and the largest value in 
the patient with a pericardial effusion (case 12). 

All Doppler measurements recorded in the pulsed 
mode were technically adequate, whereas recordings 
in the continuous mode from three patients were 
excluded because of noise interference. With the 
pulsed mode, the diastolic velocity integral from posi- 
tion À ranged from 11-9 to 25-6 cm (18-7 (3-61) cm). 
There was no significant difference between the veloc- 
ity integral measured from positions А and B, whereas 
the velocity integral recorded from position C was 
significantly lower than that from position А 
(p«0-001) or B (p<0-001). On the other hand, the 
velocity integral recorded by the continuous mode 
was significantly larger than that recorded from any of 
the three positions by the pulsed mode (Fig. 3). 

The cardiac output by Doppler echocardiography 
using the pulsed mode and the diastolic velocity 
integral from position A ranged from 4-4 to 10-0 l/min 
(6:3 (1-5) l/min). The stroke volume varied between 
70 and 132 cm? (93 (17) cm?). The comparison bet- 
ween the maximal mitral orifice area and the stroke 
volume yielded a significant correlation (r=0-54, 
p<0-02), although the values were scattered. There 
was no significant correlation between the corrected 
mitral orifice area and the stroke volume (г=0:33, 
p>0-05). The correlation between the diastolic veloc- 
ity integral and the stroke volume was also significant 
(г= 0-66, p<0-005). 


Cardiac output (Doppler) (U/min) 





2 4 6. 8 10 12 
Cardiac output (Fick) (l/min) 


Stroke volume (Doppler) (cm3) 





40 60 80 100 120 140 
Stroke volume (Fick) (cm3) 


Fig. 4 Comparison of (a) cardiac output and (b) stroke volume 
determined by Doppler technique and Fick method. (a) In the 
whole group (broken line) including two patients (O) with mitral 
regurgitation (MR), the equation for the linear regression was 

y —0-90x +0-80, r=0-89, p «0-001, SEE 0-71 l/min. In patients 
without MR (continuous line) the equation was y —0-97x -0-22, 
r=0-95, p<0-001, SEE 0-49 l/min. (b) In the whole group 
(broken line) including two patients (О) with mitral regurgitation 
(MR), the equation for the linear regression was 

y —0-70x 30-79, r=0-66, р<0-005. In patients without MR 
(continuous line) the equation was y —0-95x +4-83, r=0-87, 
p<0-001. 
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CARDIAC CATHETERISATION 

The cardiac output by the Fick method ranged from 
3-8 to 9:8 l/min (6-1 (1-5) Vmin). The highest value 
‘was found in one normal subject (case 2), who also 
had the highest cardiac output by Doppler echocar- 
diography. The lowest value was found in one patient 
with coronary artery disease (case 16), whose cardiac 
index by the Fick method was «2-5 I/m? per min. The 
stroke volume varied between 58 and 118 cm? (89 (16) 
cm?). The highest value was in one normal subject 
(case 13), who also had the highest stroke volume by 
Doppler echocardiography. The lowest value was in 
the patient with the lowest cardiac output by the Fick 
method. 


COMPARISON BETWEEN DOPPLER 
ECHOCARDIOGRAPHY AND CARDIAC 
CATHETERISATION 
There was a highly significant correlation for cardiac 
output between Doppler echocardiography and the 
Fick method (г=0:89, p«0-001, Fig 4). In the two 
patients with mitral regurgitation, however, the Fick 
results were considerably overestimated by Doppler 
echocardiography. If these two patients were 
excluded, an excellent correlation was derived 
(r=0-95, p<0-001). The cardiac output by the Fick 
method was not significantly different from that 
measured by the pulsed mode using the diastolic vel- 
ocity integral from either position A or B; neverthe- 
less, it was considerably overestimated by the con- 
tinuous mode and underestimated by the pulsed mode 
using the velocity integral from position C (Fig. 3). 
There was no significant difference between the 
heart rates during the Doppler and Fick procedures 
(68 (15) beats/min vs 69 (13) beats/min), and the 
stroke volumes derived from the two measurements 
could therefore be compared. There was a significant 
correlation of stroke volume between the two techni- 
ques (r=0-66, p«0-005, Fig. 4). In the two patients 
with mitral regurgitation, however, stroke volume 
was also overestimated by Doppler echocardiography. 
If these two cases were excluded, a highly significant 
correlation was also obtained (r=0-87, p« 0-001). 


Discussion 


Volumetric flow measurements using Doppler 
echocardiography require (a) a correct determination 
of the cross sectional area, (b) a flat velocity profile at 
this site, and (c) a near alignment between the Dop- 
pler beam and the flow direction. Theoretically, there 
are two places in the left ventricular inflow tract where 
the mitral cross sectional area could be measured. One 
is at the mitral annulus, the inlet of the mitral valve, 


and the other is at the mitral valve orifice, the outlet of ~ 
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the mitral valve. Since the mitral annular cross sec- 
tional area is difficult to localise on an echocardiogram 
the annular diameter has been used to calculate the 
area.!° Ormiston et al showed, however, that changes 
in a single echocardiographic annular diameter may 
not predict changes in annular area since both the 
position and shape of the annulus may change during 
the cardiac cycle.!! On the other hand, the mitral 
orifice area can be determined precisely by planimetry 
in the cross sectional short axis view. To achieve an 
optimal measurement, it is mandatory that the maxi- 
mal orifice area at the valve tips should be recorded. 
In their study, Fisher et al planimetered the mitral 
orifice area through the middle of the leaflets,” but in 
most other studies!?!3 the mitral orifice area was 
measured on a trailing to leading edge basis. The lat- 
ter method has proved to be accurate and reproduc- 
ible!4 and hence has been used in the study. 

Since the mitral orifice area changes considerably 
during diastole it is necessary to correct for such varia- 
tions. Theoretically, it would be more accurate to 
measure area changes over all diastolic frames. This 
procedure is, however, tedious and time consuming. 
Moreover, because the mitral valve tips move in and 
out of the sectional plane during diastole it is practi- 
cally impossible to obtain all the cross sectional areas 
throughout the cardiac cycle. Nevertheless, as the 
normal mitral orifice is elliptical, and its area changes 
are mainly due to the movement of both leaflets in the 
anteroposterior direction,!5 16 such changes could be 
predicted by the variations in the anteroposterior 
diameter—that is, the variations of the leaflet separa- 
tion that can be calculated on derived M mode 
echocardiograms. The mean to maximal opening 
ratio, as described previously by other workers,$ 17 is 
a correction factor for the changes in diastolic area. In 
contrast to their method of dividing the M mode dias- 
tolic recording into 0:05 s segments іп one cardiac 
cycle we performed planimetry of the whole separa- 
tion area over 10 cardiac cycles, which may provide a 
more accurate mean opening diameter and opening 
ratio. 

The diastolic flow pattern through the mitral valve 
in sinus rhythm is complex including two acceleration 
and deceleration phases combined with alterations in 
cross sectional area. Despite this, experiments on 
normal mitral valves have shown a fairly flat velocity 
profile at the mitral annulus and a slightly peaked 
profile at the valve orifice. The Doppler measure- 
ments therefore estimate the mean spatial velocity 
profile with a reasonable degree of accuracy provided 
that it is made at the site where the area is determined 
and in alignment with the flow direction. Duplex 
Doppler echocardiography has reduced these prob- 
lems by visualising the sample volume and showing 
the Doppler angle within the sectional plane. 
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Nevertheless, the angle within the elevational or 
azimuthal plane still cannot be determined.!7 In such 
circumstances, we believe that the single Doppler 
technique using the apical approach and the audio 
signals is well able to obtain an optimal beam direc- 
tion for the mitral flow. By moving the Doppler sam- 
ple from the left ventricle step by step to the left 
atrium, the amplitude signal from the mitral valve 
movement can be recorded and used to determine the 
optimal sample location. The level at which the valve 
opening is first recorded (position À) is probably the 
level of the mitral valve tips. This statement may not 
be true because the mitral valve moves constantly 
relative to the chest during diastole. We therefore 
measured the velocity at position B (1 cm above posi- 
tion A). The fact that there was no significant differ- 
ence in the velocity integral between the two positions 
indicates that small changes in sample location are 
unimportant in the measurement of mitral flow. On 
the other hand, the velocity integral recorded from 
position C was signficantly smaller than that from 
either A or B. The reason for this is probably that at 
this level the sample has reached the mitral annulus 
whose area is much larger than that of the mitral 
orifice so that the flow velocity is decreased. These 
findings agree with previous observations. !8 

The good correlations of cardiac output and stroke 
volume between pulsed Doppler echocardiography 
and the Fick method obtained in this study confirm 
the reliability of the mitral orifice method in determin- 
ing cardiac output. Although we did not measure car- 
diac output simultaneously by the two techniques, 
similar heart rate during the two examinations sug- 
gests that there was no important haemodynamic dif- 
ference between the two procedures. In contrast, car- 
diac output was significantly overestimated by the 
continuous mode. This is probably because when a 
sample volume in the mitral flow canal approaches the 
left atrium the early diastolic velocity decreases, 
whereas the late diastolic velocity increases.!? The 
continuous mode picks up both the highest early and 
late diastolic velocities, resulting in an overestimated 
cardiac output. It seems, therefore, that in the mitral 
orifice method only the pulsed mode can be used. Our 
data also show that both the diastolic velocity integral 
and the maximal mitral orifice area correlated 
significantly with the stroke volume by Doppler 
echocardiography; nevertheless, because. the values 
are scattered use of either the mitral echocardiog- 
rams!? or mitral flow characteristics alone is an unreli- 
able method for estimating cardiac output. 

There are some limitations to this method. Firstly, 
mitral valve disease makes the measurement unreli- 
able, as shown by the two patients with mitral regur- 
gitation. Secondly, any congenital heart disease with a 
shunt below the level of the mitral orifice would pro- 
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duce similar results. Finally, since both area and flow 
of the mitral orifice are very variable measurement of 
a number of cardiac cycles is necessary and hence time 
consuming. 


YZ is a research fellow from the Cardiovascular Insti- 
tute, Shandong Medical College, People's Republic of 
China. 
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Non-invasive estimation by cross sectional 
echocardiography of myocardial damage in 


cardiomyopathy 


MOTONAO TANAKA, SHINICHI NITTA, KEIKO NITTA, YUTAKA SOGO, 
ATSUKO YAMAMOTO, YOSHIAKI KATAHIRA, NORIKO SATO, HIROAKI OHKAWAI, 


FUMIAKI TEZUKA* 


From the Department of Medical Engineering and Cardiology, Research Institute for Chest Diseases and Cancer, 
Tohoku University; and the *Department of Pathology, Faculty of Medicine, Tohoku University, Sendai, Japan 


SUMMARY Retrospective and prospective studies of high resolution cross sectional echocardiograms 
were undertaken in order to establish an ultrasonic method for the non-invasive estimation of 
degeneration and fibrosis of the endomyocardium in cases of cardiomyopathy. When the echocar- 
diograms of the ventricular wall were compared with the histological specimens intense abnormal 
echoes were seen at the sites of myocardial degeneration and fibrosis of the ventricular wall. The 
abnormal echoes classified into five types: types I, II, III-1, Ш-2, and Ш-3. Type I and type III-1 
echoes were the strongest followed by those of types II and III-2, and then those of type III-3. The 
intensity of the abnormal echoes was 5-20 decibels stronger than that from intact tissue and was 
closely related to the consistency and density of the diseased tissue. 

These findings strongly suggest that the boundary between degeneration or fibrosis and the intact 
normal myocardium was the source of the abnormal myocardial echoes and that the extent and the 
pattern of the distribution of the sites of degeneration and fibrosis in the myocardium were reflected 
in the echo patterns. Thus the tissue characteristics of the sites of degeneration or fibrosis of the 


myocardium may be determined non-invasively by measuring the echo intensity. 


The degree of pathological change in myocardial tis- 
sue in cardiomyopathy varies from a slight increase in 
fibrous tissue in the myocardium to massive degenera- 
tion or a pronounced increase in interstitial fibrous 
tissue throughout the myocardium. Nevertheless, 
cardiac function is largely related to the extent of the 
myocardial damage. The detection of myocardial 
degeneration or fibrosis and the evaluation of their 
extent are, therefore, indispensable for the clinical 
evaluation of patients. 

We have used ultrasonic methods for non- 
invasively evaluating the changes in tissue characteris- 
tics of the valves!^? and the myocardium in patients 
with valvar disease*? and myocardial infarction.* 
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The present study was undertaken to assess the 
applicability of cross sectional echocardiography for 
detecting myocardial damage in patients with car- 
diomyopathy. The echocardiographic findings were 
analysed and compared with those of histological 
specimens. Їп addition, studies were undertaken to 
determine the characteristics of the abnormal echoes 
of the myocardium by sensitivity graded paired 
echocardiography.’ 5 


Patients and methods 


Twelve patients with hypertrophic obstructive car- 
diomyopathy, 12 with hypertrophic non-obstructive 
cardiomyopathy, eight with dilated (congestive) car- 
diomyopathy, and six with endocardial fibroelastosis, 
which is one of the allied diseases of cardiomyopa y,? 
were included in this study. In all cases, th TOS 
was established on the basis of clinical inyésa 

The specimens for histological exargig 





138 


obtained from the left ventricular wall at necropsy in 
six cases, by surgical excision in two, and at biopsy in 
three and stained by Masson's trichrome stain. 


ECHOCARDIOGRAPHY 
The cross sectional echocardiograms were obtained by 
a sector scan along the long axis of the left ventricle at 
the fourth or fifth intercostal space. With a scan along 
the short axis of the ventricle, the ultrasonic beam 
frequently hit the hypertrophied ventricular wall 
obliquely. The image thus obtained was inadequate 
for measuring the echo intensity because of attenu- 
ation of the ultrasound due to the increased length of 
the pathway through the myocardium. 
Echocardiography was carried out with the patient 


in the supine position using the proximity immersion , 


method!? in synchronisation with cardiac pulsation 
within three months of the histological examination. 
A linear amplifier was used as a receiving amplifier for 
exact measurement of the echo intensity. The 
3-5 MHz transducer used in this study had a concave 
disc with a diameter of 30 mm and a radius of curva- 
ture of 100 mm. The ultrasonic beam was focused at a 
distance of 90 to 100 mm from the transducer. The 
width of the beam in the vicinity of the focus was less 
than 1-0 to 1-5 mm. In a sector scan, the beam was 
focused on the posterior wall of the left ventricle. 

Attenuation of the intensity of the ultrasound dur- 
ing propagation through the heart was compensated 
for by a sensitivity time control circuit. This circuit 
was adjusted so that the intensity of the chest wall 
echo became almost the same as that of the 
echoes outside the posterior ventricular wall 
(pleuropericardial echoes). For the evaluation of the 
echo pattern of the left ventricular wall, the gain set- 
ting of the receiving amplifier was set at an optimum 
level of about 25 to 30 dB higher than the standard 
level, at which no noise echoes occur in the left ven- 
tricular area. 

In sensitivity graded paired echocardiography,7& 
Six to eight images obtained by changing the gain set- 
ting of the receiving amplifier by 5 to 6 dB from the 
standard gain level were used for measuring the echo 
intensity. The intensity of the abnormal echoes in the 
endocardium and myocardium was measured in 
decibels by determining the difference between the 
gain level of the standard echo and the gain level at 
which the abnormal echoes emerged. In this way, the 
intensity of the abnormal echoes could be measured 
by interpolation with an accuracy of about 3 dB. 

The gain level at which pleuropericardial echoes 
emerged is used as a standard (0 dB) because (a) the 
posterior aspect of the pericardium is close to the left 
ventricular wall, (b) the pleuropericardial echoes are 
stronger than those of other cardiac structures, (c) the 
pleuropericardial echoes can be recorded in all sub- 
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jects examined, and (d) in a sector scan along the long 
axis.of the heart at the parasternal border in the fourth 
or fifth intercostal space, the pericardium is concave 
towards the chest wall. Usually the direction of the 
ultrasonic beam is almost perpendicular to the ven- 
tricular wall and pericardium except in cases of 
pericardial effusion. 

The range of intensity of abnormal echoes was 
measured as the difference between the gain level of 
the strongest abnormal echoes and that of the weakest 
ones on the same plane of scan. — 

The echocardiographic findings were compared 
with the histological findings of specimens taken from 
the site that was closest to the area of the ultrasound 
image. 


Results 
/ 


LEFT VENTRICULAR WALL ECHOES 

On the echocardiograms obtained at the optimum 
gain level, abnormal echoes that were absent in nor- 
mal subjects were seen in the area of the left ventricu- 
lar wall in patients with cardiomyopathy. Table 1 
summarises the echo findings in all patients, which 
are classified according to the type of echo. 

The abnormal echoes were classified into three 
types (Fig. 1). 

Type I—Very strong wide homogeneous (band 
Shape) echoes were present at the endocardium and 
subjacent myocardium (Fig. 1a). 

Type II—Strong irregular echoes were localised in 
the inner half of the myocardium subjacent to the 
endocardium (Fig. 1b). 

. Туре III—Freckle-like echoes were distributed 
evenly or unevenly throughout the myocardium 
(Fig. 1c). The type III echoes were further classified 
into three subtypes (Fig. 2): (a) inhomogeneous large 
freckle-like echoes (Fig. 2a), (b) scattered homo- 
geneous, medium sized, freckle-like echoes which 
occasionally appear in a reticular pattern (Fig. 2b), 
and (c) micronodular or inhomogeneous powdery 
echoes (Fig. 2c). Echoes similar to the powdery . 
echoes of type III-3 are frequently seen in normal 
hearts. Occasionally it is difficult to differentiate 
echoes of type III-3 from powdery echoes in normal 
hearts on the basis of their echo characteristics. 


CORRELATION BETWEEN ECHO TYPES AND 
HISTOLOGICAL FINDINGS 

Patients with similar echocardiographic characteris- 
tics had similar histological findings. In patients with 
type II echoes pronounced degeneration and an 
increase in fibrous tissue in the endocardium and dif- 
fuse or focal fibrosis in the inner half of the left ven- 
tricular wall were seen. : 


The type II echo was found to be intermediate be- ~ 
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Table 1 Echocardiographic findings in relation to clinical diagnosis 


—————M——————— 








Case Age Sex Diagnosis Echo type Echo intensity* Echo intensity Addendum 
(у) (4В) ranget (dB) 

1 46 Е COCM Ш-1 10 5 

2 20 М COCM I 5 5 

3 23 F - COCM П 20 0 

4 22 Е COCM Ш-2 18 10 

5 32 Е COCM III-2 20 5 Postpartum (necropsy) 

6 35 M COCM III-3 25 5 

7 40 M COCM I 10 5 (Biopsy) 

8 27 M COCM Ш-1 15 10 (Necropsy) 

9 1 Е EFE I 5 3 
10 4 M EFE II 15 0 
11 5 М ЕЕЕ II 18 6 
12 6 UE EFE 15 ^ 5 (Necropsy) 
13 3 F EFE III-2 20 5 
14 4 M EFE II 15 10 
15 50 M HCM III-3 24 5 
16 44 M HCM II 15 15 (Necropsy) 
17 72 M HCM III-1 6 10 Nephrosis (necropsy) 
18 32 F HCM III-3 30 0 
19 20 F HCM II 24 5 
20 26 M HCM III-2 25 15 
21 37 M HCM III-3 25 0 (Biopsy) 
22 21 F HCM III-2 12 5 
23 25 M HCM П1-1 10 15 
24 41 F HCM II-1 5 20 Nephrosis 
25 23 M HCM II 15 10 
26 23 M HCM III-3 30 5 (Biopsy) 
27 16 M HOCM II 15 10 Asymmetric (—), septal hypertrophy 
28 31 M HOCM II 24 5 Asymmetric (+), septal hypertrophy 
29 39 M HOCM III-3 30 0 Asymmetric (—), apical hypertrophy 
30 48 M HOCM III-3 25 5 Asymmetric (—), diffuse hypertrophy 
31 16 M HOCM Ш-2 20 15 авес (+), septal hypertrophy 

: lOpsy, : 
32 40 M HOCM II 20 10 Asymmetric (4-), septal hypertrophy 
33 35 M HOCM III-2 25 5 Asymmetric (+), septal hypertrophy 
34 37 F HOCM НІ-2 20 5 Asymmetric (—), diffuse hypertrophy 
(necropsy) id 
35 46 F HOCM 11-2 15 15 Asymmetric (+), diffuse hypertrophy 
36 49 M HOCM 15 15 Asymmetric (+), apical hypertrophy 
37 39 M HOCM II 20 5 Акеше (+), septal hypertrophy 
іорѕу > 

38 13 HOCM II 24 0 Asymmetric (+), septal hypertrophy 





*Gain setting of the receiving amplifier when abnormal echoes emerge. 


{Difference between the gain level of the strongest abnormal echoes and that of the weakest ones. | 
. COCM, congestive cardiomyopathy; EFE, endocardial fibroelastosis; НСМ, hypertrophic non-obstructive cardiomyopathy; HOCM, 


hypertropic obstructive cardiomyopathy. 


tween types I and III as regards echocardiographic 
and histological findings except for differences in the 
distribution of fibrous tissue. The results from 
patients with type II echoes are therefore not given. 
Only the findings of representative cases with type I 
and type III echoes are given. 


Type I echoes (Fig. 3, case 7) 

А strong wide echo was present in the endocardium 
and subjacent myocardium (Fig. 3a); the margin of 
the endocardial echo was relatively smooth. Strong 
homogeneous echoes were detected in the myocar- 
dium by a slight increase in the gain setting of the 
amplifier (Figs. 3b and 3c); the endocardium was rela- 
tively smooth, and the sites of pronounced degener- 
ation and an increase in fibrous tissue were evident in 
the endocardium and the surviving myocardial tissue. 
Degeneration and fibrosis of the myocardial tissue 
adjacent to the epicardium were, however, less pro- 


nounced than those of the myocardium subjacent to 
the endocardium (Figs. 3d and 3e). 


Type 11-1 echoes (Fig. 4, case 17) 


Inhomogeneous strong, large, freckle-like echoes 
were present in the myocardium (Fig. 4). In this 
patient (case 17), wide strong echoes were evident in 
the basal to mid portion of the endocardium. Usually 
the abnormal echoes of type Ш-1 can be seen as 
inhomogeneous spotted echoes by decreasing the gain 
setting of the amplifier (see also Fig. 9). In the 
endocardium and subjacent myocardium, the thick 
fibrous tissue can be seen as a band that is stained 
blue. Focal degeneration and diffuse fibrotic changes 
were present at the sites where strong inhomogeneous 
freckle-like echoes were visible (Fig. 4c). At the mid- 
portion, an increase in striped fibrous tissue could be 
seen in the myocardium, in particular, adjacent to the 
endocardium (Fig. 4d). Ап increase in the lattice pat- 
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tern of the interstitial fibrous tissue throughout the 
myocardium was also evident. Thus the wide strong 
(band-shaped) echo in the endocardium was caused 
by the presence of fibrotic tissue in the endocardium 
or in the subjacent myocardium (Figs. 3 and 4) 





Type 111-2 echoes (Fig. 5, case 34) 

The echo of the endocardium was rather weak 
(Fig. 5). Medium sized freckle-like echoes were vis- 
ible in the myocardium of the left ventricular wall 
(Figs. Sa and 5b; see also Fig. 10). Histological 
examination showed a slight increase in fibrous tissue 
in the endocardium, as evidenced by the scattered 
small areas that were stained blue throughout the 
myocardium (Fig. Sc). The areas of degeneration, 





Fig. 1 Cross sectional 
echocardiograms showing 
three types of abnormal echoes 
(thick white arrows) in the left 
ventricular free wall in 
cardiomyopathy (a) type I 
(case 9 left panel, case 7 right 
panel); (b) type IT (case 25 
left panel, case 16 right 
panel); (c) type III (case 22 
left panel, case 5 right panel). 
The anterior chest wall of the 
patient is on the left, the right 
side of the patient at the top, 
and the left side at the bottom. 
+o EFE, endocardial 
fibroelastosis; COCM, 
congestive cardiomyopathy; 
HCM, hypertrophic 
cardiomyopathy; Ao, aorta; 
LA, left atrium; LV, left 
ventricle; VS, ventricular 
septum. Bar indicates 1 cm 


small to medium in size, were scattered throughout 
the myocardium. There was an increase in the lattice 
pattern of fibrous tissue as shown in Fig. 6. 

These results suggest that strong freckle-like echoes 
of uneven distribution occur as the result of focal 
degeneration or a diffuse increase in fibrous tissue in 
the myocardium and that the medium sized echoes 
occur as the result of an increase in the lattice pattern 
of interstitial fibrous tissue. 


Type 111-3 echoes (Fig. 7, case 26) 

The left ventricular wall and the septum were thicker 
than normal. Despite a slight increase in the intensity 
of the endocardial echo, there were powdery echoes in 
the left ventricular wall (Fig. 7a). When the gain set- 
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ting of the receiving amplifier was increased, the 
echoes became poorly defined or scattered (see 
Fig. 11 and Fig. 2c, left panel). A slight increase in 
the fibrous tissue in the endocardium and subjacent 
myocardium and a slight amount of degeneration of 
the myocardial fibre were evident (Fig. 7b). The 
myocardium seemed to be almost intact (Fig. 7c). 


INTENSITY OF ABNORMAL ECHOES IN LEFT 
VENTRICULAR WALL 

Tables ] and 2 summarise the echo intensity and the 
range of intensity measured by sensitivity graded 
paired echocardiography. 





Fig. 2 Cross sectional 
echocardiograms showing 
three subtypes of type 111 
echo. Thick white arrows 
indicate abnormal echoes. (a) 
type III-1, large freckle-like 
echo (case 24 left panel, case 
23 nght panel); (b) type 
ITI-2, medium sized 
freckle-like echo (case 22 left 
panel, case 34 right panel); (c) 
type 111-3 micronodular or 
powdery echo (case 26 left 
panel, case 30 right panel). 
Abbrevianons as in Fig. 1. 
HOCM, hypertrophic 
obstructive cardiomyopathy 


Table 2 Range of echo intensity of cardiac tissue 








Tissue Intensity (dB) 

Pericardium 0 (standard) 
Normal echoes 

Epicardium 10-15 

Endocardium 20-25 

Myocardium 25-30 

Valve, chordae tendinae 15-20 
Abnormal echoes 

Scar (infarction) 5-10 

Type I 5-15 

Type П 15-25 

Type III-1 5-10 

Type Ш-2 12-25 

Туре Ш-3 24-30 


SSS 
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Type I and type 111-1 echoes 

The intensity of abnormal echoes in the endocardium 
and myocardium was greatly increased (Figs. 8 and 
9). With the gain setting of the amplifier increased 
slightly, continuous (type I) or large freckle-like (type 
III-1) echoes were present in the endocardium and 
myocardium. These abnormal echoes emerged at a 
level of 5-15 dB and were about 10-25 dB stronger 
than normal endocardial or myocardial echoes. 


Type II and type 111-2 echoes (Fig. 10) 
The medium sized freckle-like echoes were at a level 





Fig. 3 Cross sectional 
echocardiograms showing (a)-4 c) type 
I echo and (d) and (e) histological 
appearance of biopsy specimen of the 
endomyocardium of the left 
ventricular wall from a patient with 
congestive cardiomyopathy (case 7). 
The gain setting of receiving amplifies 
was changed by 5 dB steps: (a) was 
taken at the lowest level and (b) and 
(c) at higher levels. Thick white 
arrows show the areas from which 
biopsy specimens were taken. (d) and 
(e) show degeneration of myocardial 
fibre and an increase in fibrous tissue 
in the myocardium near the 
endocardium stained blue. 


of about 12 to 25 db (more than about 5 to 15 dB 
stronger than normal myocardial echoes). 


Type 111-3 echoes (Fig. 11) 

Powdery echoes, the margin of which is poorly 
defined, emerged at a level of about 25 to 30 dB. The 
intensity of these echoes was within normal range. 


Intensity range of abnormal echoes (Table 1) 

The types I and III-3 echoes were in the narrow' tange 
of intensity (0-5 dB). The types II, III-1, and III-2 
echoes were either in a narrow (0—5 dB) or a wide 
range (10-15 dB). 
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Fig. 4 Cross sectional echocardiograms showing type 111-1 echoes ((a) and (b)) and histological sections of the 
left ventricular wall ((c) апа (d)) (case 17). (c) Sample taken from the basal portion as indicated by the thin white 
arrow on the echocardiogram (b). (d) Sample taken from the midportion of the left ventricular wall as indicated by 
the thick white arrow on the echocardiogram (b). Thickening of the endocardium, diffuse myocardial degeneration, 
and focal fibrosis are found throughout the myocardium of the basal portion. At the midportion of the ventricle 
band-like and scattered fibrosis throughout the myocardium are stained blue. Abbreviations as in F ig. 1. PML, 
posterior mitral leaflet. 


Discussion 


Thickening of the endocardium in association with 
subendocardial fibrosis, hypertrophy of cardiac 
muscle cells, and diffuse or focal interstitial fibrosis of 
the ventricular wall are the common histopathological 
findings in cardiomyopathy.!!^!? Irregular arrange- 
ments of cardiac muscle cells, degeneration, and pro- 
nounced fibrosis of the ventricular septum are fre- 
quently seen in hypertrophic cardiomyopathy.'4~ 16 
Accordingly, a non-invasive method of evaluating the 
changes, as mentioned above, when established will 
allow a more exact and less laborious estimation of the 
severity of a cardiomyopathy. For this reason, 
attempts have been made to apply a well focused 
ultrasound. 

According to the principle of pulse reflection 
(echocardiography), the occurrence of abnormal 


echoes as mentioned above strongly suggests that tis- 
sue with acoustic characteristics different from those 
of normal tissues is present and that acoustic bound- 
aries are formed around areas where the abnormal 
echoes are detected. 

To confirm the presence of abnormal tissue the 
echocardiographic findings were analysed with refer- 
ence to the histological findings of specimens taken at 
necropsy or biopsy. As already described, degener- 
ation or fibrosis was present in the endocardium or 
myocardium at sites where abnormal echoes were 
detected. 

Changes in echo pattern are caused by changes in 
the acoustic properties of tissue!" !* and by changes in 
the size and spatial arrangement of acoustic boundary 
surfaces and also by machine characteristics. 

When the electric circuits, such as a differential 
circuit and an automatic gain control circuit, are used 


Endocardium 





Diastole 


to modify the echo signals that are received, so as to 
make images sharper, this will have a notable effect on 
the intensity and pattern of echoes. The use of 
apparatus equipped with modifying circuits like those 
of a commercial machine will, therefore, be inad- 
equate for the quantitative evaluation of the intensity 
and echo characteristics. In this study, we paid special 
attention to the machine's characteristics by installing 
various devices, such as concave transducers with a 
large diameter for obtaining sharp directivity and high 
resolution at the target area, a linear amplifier as the 
receiver for the exact measurement of differences in 
intensity of the echo, and an STC circuit for the com- 
pensation of ultrasonic attenuation during propa- 
gation of the ultrasound. In this study, therefore, the 
differences іп acoustic characteristics of the 
endomyocardial tissues were clearly distinguished, 
and the extent and pattern of distribution of degener- 
ation or fibrosis in the myocardium were faithfully 
reflected by the echo patterns. 

Nevertheless, the echo patterns of echocardiograms 
do not always coincide with the pattern of distribution 
of fibrous tissue on histological specimens, presum- 
ably because: (a) the direction of the planes along 
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Fig. 5 Cross sectional 

echocardiograms showing type 

111-2 echoes ((a) and (b)) and (с) 
` a section of the left ventricular 

wall from a patient with 
Il hypertrophic obstructive 

1 cardiomyopathy (case 34). (с) 

Sample taken from the midportion 
of the left ventricular wall 
(indicated by the thick white 
arrow in (b)). The sites of fibrosis 
throughout the entire myocardium 
are stained blue. A slight 
thickening and fibrosis of the 
endocardium and symmetrical 
hypertrophy of the ventricle are 


evident. Abbreviations as in 
Fig. 1. 


which the scans were taken does not always exactly 
coincide with that of the histological sections, (b) the 
resolution of the echocardiograms is weaker than that 
of light microscopy, and (c) histology of the stained 
specimens shows the distribution of optical dielectric 
permittivity of the excised tissue, whereas the results 
obtained by ultrasonic methods show the distribution 
in vivo of elastic properties. 

The propagation of ultrasound through biological 
tissues is influenced by changes in the three dimen- 
sional microscopic structure of the tissue.!? ?? Accord- 
ingly, ultrasound may be reflected from abnormal tis- 
sue and its surroundings in a different way from nor- 
mal tissue.!? Thus changes in the microscopic struc- 
ture of the tissue within the ultrasonic beam width 
will be reflected on to the echocardiogram despite the 
poorer resolution of echocardiography than of light 
microscopy. 

The occurrence of echoes of type I indicates there- 
fore the presence of fibrotic changes in a fairly large 
area of the endocardium and its surroundings, that of 
the echoes of type II the presence of fibrotic thicken- 
ing of the endocardium and focal degeneration or 
fibrotic changes scattered in the myocardium sub- 
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Fig. 6 Histological appearance of the same section as in Fig. 5 at higher magnification. Sites of fibrosis are 
stained blue. ( x40) 


jacent to the endocardium, and that of the echoes of 
type III the presence of focal degeneration and diffuse 
fibrotic changes throughout the myocardium. 

Nevertheless, in one patient (case 8) with type III-1 
echoes, intertrabecular microthrombi in association 
with diffuse fibrotic tissue were found at the sites 
where strong inhomogeneous freckle-like echoes were 
visible (Fig. 12). The data from this patient suggested 
that not only scattered focal degeneration and diffuse 
fibrosis but also organised microthrombi within the 
dilated trabecular space would give rise to strong large 
freckle-like echoes in the myocardium. 

On the other hand, in sensitivity graded paired 
echocardiography the types I and III-1 echoes were 
strongest, followed by types II and III-2 echoes and 
type Ш-3 echoes. Abnormal echoes reflected from the 


site of fibrotic tissue in the endocardium and myocar- 
dium of the left ventricle are about 5-20 dB stronger 
than those from normal tissue ( Table 2). 

As shown in Table 1, the intensity of types II and 
III-2 echoes ranged from 15 dB (strong echoes) to 
25 dB (weak echoes) in contrast to the narrow inten- 
sity range of type I and III-3 echoes. The type II, 
Ш-1, and III-2 echoes could be classified into those 
with a wide range and those with a narrow range of 
intensity. The occurrence of echoes with a wide range 
indicated that abnormal echoes increased in number 
in proportion to the increase in the gain setting of the 
receiving amplifier and that the echoes with various 
levels of intensity (from about 10 dB-20 dB) could be 
found in the same patient (case 23, Fig. 9). The 
occurrence of echoes within a narrow range of inten- 
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Fig. 7 (a) Cross sectional echocardiograms showing type 111-3 echoes and (b and c) a histological section of a biopsy specimen taken 
from a patient with hypertrophic cardiomyopathy (case 26), from the site shown by the thick white arrow in (a). (b) Shows the same 
specimen at a higher magnification. A slight increase in fibrous tissue and degeneration are seen; only a few muscle fibres are affected by 


degenerative changes. 


sity indicated that almost all abnormal echoes in the 
myocardium emerged with a slight increase in the 
gain setting of the amplifier and that the intensity 
level of abnormal echoes was within a certain gain 
level (Fig. 10). The area of strong echoes (5-10 dB) 
corresponded to the area of massive degeneration or 
pronounced increase in fibrous tissue (Fig. 4a). The 


area of weak echoes (15-20 dB) corresponded to the 
site of degeneration or a slight increase in fibrous tis- 
sue (Fig. 5b). 

The echo intensity depends on the difference in 
acoustic impedance with a pulsed ultrasonic beam 
passing from one tissue to the next and on the size and 
configuration of the boundary surface. The charac- 


~ 
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teristic acoustic impedance (z) of a medium is defined 


by the equation: 





z—-«Xk-p 


The magnitude of ultrasonic reflection, as shown by 
reflection coefficient (r), is related to the density and 
elasticity of the tissues 


where k is the bulk modulus of elasticity, p the 
density of the medium, and z, and z, respectively the 
characteristic acoustic impedance of the tissue on both 
sides of the acoustic boundary. 





Fig. 8 Sensitivity graded paired 
echocardiograms of a patient илїһ 
endocardial fibroelastosis (case 9) 

The gain setting of the receiving 


Intensified abnormal endocardial 
echoes emerge at a level of 12 dB 
(thick white arrows). 


When the structure of the myocardium is affected 
by destructive changes at a microscopic level, as in 
ussue degeneration, the boundaries between myocar- 
dial fibres within the myocardium may disappear. 
Then the heterogeneous acoustical medium of the 
myocardial tissue may become almost homogeneous. 
Elasticity or stiffness of the diseased tissue becomes 
different from that of normal tissue when degener- 
ation or fibrotic change occurs in the myocardium. 
Thus a change in acoustic characteristics and density 
of the myocardial tissue occurs in association with the 
destruction of the microscopic structure of the 
myocardium.,!7 !5 2! 

Furthermore, an increase in the consistency or 


amplifier was increased in 6 dB steps 
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Fig. 9 Sensitivity graded paired echocardiograms from a patient with hypertrophic cardiomyopathy (case 23). 
Inhomogeneous large freckle-like echoes (type 111-1) in the myocardium emerge at a level of 10 dB (thick white arrow). 
Echoes at various levels of intensity are detected by increasing the gain setting of the amplifier. Abnormal echoes are seen in 


a wide range of intensity (15 dB). 


density of the site of degeneration or fibrosis might be 
correlated with the collagen content of the tissue, as 
exemplified by the scar of myocardial infarc- 
tion.'* 21 22 An increase in collagen content causes also 
an increase in the intensity of the echoes?? 2* that are 
reflected from the interface between the site of de- 
generation or fibrosis and normal tissue. 

Thus the boundary between the normal myocar- 
dium and the area of degeneration or of fibrosis prob- 
ably serves as a source of echoes, and a change in the 
intensity of echoes in the left ventricular wall and the 
intensity of the abnormal echoes are closely related to 
the consistency and density of the degenerated or 
fibrotic tissue.* * 

Thus the types II and III-2 echoes include echoes 
from hard or tight fibrous tissue and from soft or loose 
fibrous tissue. The echoes with a wide intensity range 
are from fibrous tissue of differing consistency. The 
abnormal echoes with a narrow range of intensity are 
from the uniformly diseased area with a similar con- 
sistency. 


The problem relating to scattering and interference 
among echoes within biological tissues remains to be 
solved. Nevertheless, the large strong echoes indicate 
the presence of tight or massive fibrous tissue and the 
moderate or small weak echoes that of loose or patchy 
fibrous tissue in the myocardium. The difference in 
intensity of the echoes thus probably reflects the dif- 
ferences in the consistency or density of the site of 
degeneration or fibrosis of the myocardium 

When an ultrasonic beam was focused on the sep- 
tum, echoes similar to those from the left ventricular 
wall were also found (data not shown). Usually 
abnormal freckle-like echoes on the septum are pres- 
ent in the early stages of hypertrophic car- 
diomyopathy or hypertrophic obstructive car- 
diomyopathy before abnormal echoes are evident in 
the ventricular free wall. Such findings in patients 
with cardiomyopathy suggest that the changes in the 
septum precede those in the free wall. 

In conclusion, the endomyocardial damage of the 
left ventricular wall in cardiomyopathy can be 
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detected non-invasively by means of ultrasound. The 
extent, the pattern of distribution, and the consis- 
tency of the site of degeneration or fibrosis of the 
myocardium can be estimated by analysing the echo 
pattern and the echo intensity. 


We thank Drs Ito, Nagashima and Shinoda, Sendai 
City Hospital, for allowing us to report on their 
patients and their biopsy specimens, and Professor F 
Dunn, Bioacoustics Research Laboratory, University 
of Illinois, for his advice on acoustical tissue charac- 
terisation of heart tissue. 


Fig. 10 Sensitivity graded paired 
echocardiograms from a patient with 
congestive cardiomyopathy (case 5). 
Almost homogeneous and medium 
sized freckle-like echoes (type 111-2) 
| are seen throughout the myocardium of 
|j the left ventricular wall. Abnormal 
4 echoes emerge at а level of 20 dB 

Ж (thick white arrow). Almost all the 

Bt abnormal echoes are already evident 
F at a level of 25 dB. The number of 
abnormal echoes remained 
unchanged, even when the gain setting 
of the amplifier was increased. Thus 
the intensity of the abnormal echoes 
was in a narrow range (5 dB) 


This study was carried out by grant in aid for 
scientific research in 1979 to 1983 from the Ministry 
of Education, Science, and Culture of Japan. 
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Somatostatin in the human heart and comparison with 


guinea pig and rat heart 


S M DAY,* J GU,} J M POLAK,t SR BLOOM* 


From the Departments of *Medicine and Histochemistry, Royal Postgraduate Medical School, London 


SUMMARY Somatostatin has been shown to have negative inotropic and chronotopic effects and to 
restore sinus rhythm in some cases of cardiac arrhythmia. Using acid extracts, regions of human 
heart were examined by radioimmunoassay to determine their somatostatin content. Mean (SD) 
concentrations of 4-1 (0-8) pmol/g and 2-9 (0-8) pmol/g were found in atrioventricular node and right 
atria respectively and were significantly higher than in other heart regions. Using fresh heart tissue 
from guinea pigs, somatostatin was localised to cardiac nerves by immunocytochemistry. Nerves 
containing somatostatin were most abundant in the atria, where the concentrations measured by 
radioimmunoassay were 7-6 (1-0) and 2-6 (0-4) pmol/g for right and left atria respectively. 
Somatostatin contained in cardiac nerves may have a physiological role in the cardiac conduction 


system. 


Somatostatin was first isolated as a 14 amino acid pep- 
tide from ovine hypothalami! and subsequently found 
also to exist in a 28 amino acid form.? It is present in 
peripheral sympathetic and sensory nerves in mam- 
mals.? Although there has been no previous report of 
its presence in mammalian heart, infusion at phar- 
macological doses in man causes bradycardia and a fall 
in cardiac output,4~® and restores sinus rhythm іп 
cases of paroxysmal supraventricular and junctional 
tachycardia.” We now report that somatostatin is pre- 
sent in the normal human heart, particularly in the 
right atrium and atrioventricular node, and that in 
fresh guinea pig heart it can be localised to the neural 
tissue. Somatostatin endogenous to the heart may 
therefore play a local role in the conduction system. 
Nevertheless, a study of the distribution of somatosta- 
tin in guinea pig and rat heart showed wide species 
variation in distribution and molecular form, making 
it unlikely that either species could serve as a good 
model for the study of human cardiac somatostatin. 


Materials and methods 


TISSUE EXTRACTION 

Specific regions were dissected from fresh normal 
postmorten human (n- 7), guinea pig (n=5), and rat 
Requests for reprints to Professor S R Bloom, Department of 
Medicine, Hammersmith Hospital, Du Cane Road, London W12 
OHS. 
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(n=6) hearts and either frozen rapidly on dry ice and 
stored at—70 °C until extraction (human) or extracted 
immediately (guinea pig and rat). In guinea pig and 
rat, because of the small size of the atrioventricular 
node a small region of septum containing the node 
was extracted whole. In the rat, left and right atria 
were extracted together. Somatostatin was extracted 
by plunging diced tissue into boiling acetic acid (0:5 
mmol) and maintaining it at 100 °C for 10 minutes. 


RADIOIMMUNOASSAY 
Duplicate 20 yl aliquots of the extract were assayed 


for somatostatin by a sensitive and specific radioim- 


munoassay, which has been previously described, 
using an antibody which cross reacts fully with both 
the 14 and 28 amino acid forms of somatostatin. 


CHARACTERISATION OF MOLECULAR FORMS 
Analysis of the molecular forms of the immunoreac- 
tive somatostatin in human atrioventricular node was 
carried out by gel permeation chromatography-using 
Sephadex G50 gel. 


IMMUNOCYTOCHEMISTRY 

Whole hearts of adult guinea pigs (n=6, body weight 
200—300 р) were removed and promptly fixed in 0-496 
benzoquinone? made up in phosphate buffered saline 
(PBS pH 7-2) for three hours at room temperature. 
After being washed overnight in PBS containing 1596 
sucrose, the tissues were snap frozen for cryostat 
blocks. Sections were cut at a thickness of 8 wm and 
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Table Preabsorption test of antisera for immunocytochemistry 
Ne 


Antisera to Antigens* Results 

Somatostatin 28 (4—14) t Positive 

Somatostatin 28 (4-14) онаа: ny (4-14) Negative 

10 
Somatostatin 28 (4-14) Somatostatin 1 D Positive 
20 nmol/ml) 

Somatostatin 14 Negative 

Somatostatin 14 Somatostatin 14 Negative 
(20 nmol/ml) 

Somatostatin 14 Negative 


Somatostatin 28 (4-14) 
(10 nmol/ml) 


*nmol antigen/ml of diluted antiserum. 
TWithout preabsorption with antigen. 


Positive, certain nerves were positively immunostained; Negative, no 
nerves were immunostained. 


mounted on poly-L-lysine coated glass slides.!9 A 
modified indirect immunofluorescence method!! was 
carried out. 

Antisera to somatostatin 14 and to somatostatin 28 
were used; these had been raised in New Zealand 
white rabbits to somatostatin 14 and 4—14 fragment of 
somatostatin 28 respectively, which had been conju- 


gated to keyhole limpet haemocyanin by glutaral- 
dehyde. 


5 | Man 


PORU TOE 


9 Guinea pig 


Somatostatin concentration (pmol /g) 


Р Пась 
IE D aD. 


RA LA AV RV 


Fig. 1 Mean (SEM) tissue concentrations of somatostatin in 
heart regions of man, guinea pig, and rat (pmol/g wet weight). 
RA, right atrium; LA, left atrium; AV, atrioventricular node; 
S, septum; RV, right ventricle; LV, left ventricle. 
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The controls for immunocytochemistry included 
preabsorption of the antisera with corresponding 
antigens › use of normal rabbit serum as the first layer, 
and omission of the first layer. In addition, the anti- 
Serum to somatostatin 14 was preincubated with 
somatostatin 28 (fragment 4—14) and that to somatos- 
tatin 28 (fragment 4—14) with somatostatin 14 in order 
to check the cross reactivity of the two antisera 
(Table). The Table gives the characteristics of the 
antisera. 


Results 


Figure 1 shows the concentrations of somatostatin in 
the dissected tissues. In man the highest concentra- 
tions of somatostatin were found in the atrioventricu- 
lar node and right atrium (p« 0-05 compared with the 
septum and ventricle wall, Student's paired t test), 
although there were appreciable concentrations in all 
regions. In the guinea pig the distribution showed 
some similarity to that in man, with the highest con- 
centration in the right atrium (p« 0-01 compared with 
all other regions). The method of dissection of the 
atrioventricular node in the guinea pig may have obs- 
cured a higher concentratiori of somatostatin in this 
region; nevertheless, it was higher than in the ven- 
tricular walls (p« 0-01). In contrast to human and 
guinea pig heart, the somatostatin concentrations in 
rat heart regions were generally lower and the dis- 
tribution was more uniform. Analysis of the molecu- 
lar form of the immunoreactive somatostatin in the 
human heart showed it to elute in a single peak, cor- 
responding to synthetic somatostatin 14 (Fig. 2). 

Several nerve fibres in the guinea pig heart were 
found to be immunoreactive to the antiserum against 
somatostatin 28 (4—14 fragment), and no immuno- 
reactivity was detected using antiserum to somatosta- 
tin 14. There were more nerve fibres immunoreactive 
to somatostatin in the atria than in the ventricles. 
These immunoreactive nerves were mainly associated 
with cardiac muscle (Fig. 3) and occasionally with 
coronary blood vessels (Fig. 4). They were slightly 
more frequent in the regions of the sinoatrial and the 
atrioventricular nodes than in other areas. The posi- 
tive immunostaining could be quenched by somatos- 
tatin 28 (4—14 fragment) but not by somatostatin 14 
(Table). 


Discussion 


High somatostatin concentrations are found in human 
heart tissue in the regions containing specialised 
pacemaker and conducting cells. Infusions of 
somatostatin in man cause bradycardia and a fall in- 
cardiac output,^ 9 but the concentrations of somatos- 


tatin achieved during the infusions are much higher -> 


Somatostatin in the human heart 
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Fig. 2 Sephadex G50 elution profile of somatostatin 
immunoreactivity from pooled human atrioventricular node 
extracts. SS, somatostatin; V, void volume. 
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than those found in the peripheral circulation under 
physiological conditions. It is, therefore, improbable 
that circulating somatostatin normally affects cardiac 
function, but endogenous cardiac nerve containing 
somatostatin could allow an effective concentration to 
be achieved by local release. 

In common with the pattern of tissue distribution 
between the species, the pharmacological effects of 
somatostatin on guinea pig but not rat heart’? are 
similar to those on human heart. In guinea pigs, 
somatostatin causes bradycardia and a fall in cardiac 
output in vivo!? and exerts a negative inotropic effect 
on perfused isolated atria.'? 

Other cardiac regulatory peptides—in particular 
neuropeptide tyrosine—have been found in human 
cardiac nerves.'* !* Somatostatin is clearly shown to 
be contained in nerves in the guinea pig heart, but no 
fresh human heart was available for examination, and 
staining of postmortem tissue from peripheral organs 
with antisera for this peptide is unreliable. It is likely, 
but not yet proved, therefore, that human cardiac 
somatostatin is contained in cardiac innervation. 
Somatostatin has been found in other peripheral tis- 
sues in sympathetic and sensory fibres,’ but the pos- 
sibility that it may exist in parasympathetic fibres in 
the heart must be considered, in view of its functional 
effects and its location in vagal fibres in the heart of 
the тоаа.! The somatostatin immunoreactive nerves 
in guinea pig heart are mainly associated with cardiac 





Fig. 3 
( x450). 


Nerves immunoreactive to somatostatin in the cardiac muscle of the left atrium of guinea pig 


156 


Day, Gu, Polak, Bloom 





Fig. 4 Nerves immunoreactive to somatostatin associated with an arteriole (arrow) in the left 
ventricular myocardium of guinea pig ( x400). 


muscle, whereas neuropeptide tyrosine immunoreac- 
tive nerves are closely associated with the coronary 
vasculature in addition to muscle." This implies а 
possible functional differentiation with cardiac 
somatostatin acting directly on cardiac tissue rather 
than on coronary blood flow. 

The mode of action of somatostatin at the cellular 
level is not understood, but there is evidence that it 
decreases the calcium ion flux into the cell—that is, it 
acts as a slow channel blocker. The negative inotropic 
effect of somatostatin on isolated guinea pig atria can 
be abolished by raising the calcium ion concentration 
in the perfusing medium.'? The pacemaker cells of 
the sinoatrial node and automatic cells in the proximal 
regions of the atrioventricular node are activated 
largely by the slow inward current, which may also be 
observed in other cardiac cells under abnormal condi- 
tions. The effect of calcium channel blockers (for 
example, verapamil) on atrioventricular conduction is 
of clinical importance in that it provides a mechanism 
whereby nodal re-entrant supraventricular tachycar- 
dia can be abolished and the ventricular response in 
atrial flutter and fibrillation can be controlled.'!* This 
may be the mechanism by which intravenously 
administered somatostatin corrects paroxysmal sup- 
raventricular and junctional tachycardia in man. 
Long and short acting potent analogues of somato- 
Statin are now available and are, therefore, potential 


new therapeutic agents in cardiac arrhythmias. 
Further study of somatostatin endogenous to the 
heart may provide a rational basis for their use 


We thank the British Heart Foundation and Tobacco 
Advisory Council for support. 
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SUMMARY The cardiac conduction systems of three patients who died in the perinatal period were 
studied histologically. Rhythm disturbances were observed in these patients immediately before 
death. The sinus node was notably hypoplastic without increase in fibrous content in all cases. The 
atrioventricular node was smaller than expected in all, and the entire atrioventricular conduction 
axis was small in two cases. This study supports the need for a detailed examination of the cardiac 
conduction system so as to provide a better understanding of the clinicoanatomical relation in the 


context of fatal perinatal arrhythmias. 


Although the electrophysiological mechanisms of car- 
diac arrhythmias are well known, very little is known 
about the structure of the sinus node and atrioven- 
tricular conduction system in these circumstances. 
This is mostly due to the fact that few neonates with 
conduction disturbances recorded during life have 
detailed examination of their conduction system after 
death. Reports of the pathology of the neonatal sinus 
node are rare. In particular, discrete hypoplasia or 
underdevelopment of the sinus node is virtually unre- 
ported. To the best of our knowledge only one case of 
hypoplastic sinus node associated with atrial 
tachycardia has so far been described.! Recently, we 
studied the sinus node and atrioventricular conduc- 
tion system of three hearts from perinatal patients 
who had cardiac arrhythmias immediately before 
death. At presentation, all three patients were thought 
to have cardiac abnormalities. In this report we con- 
sider the clinical significance of the unusual histologi- 
cal findings, especially of the sinus node, in the light 
of the clinical observations. 


Materials and method 
The hearts from three perinatal patients with 


documented conduction disorders were removed at 
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necropsy and fixed in formol saline. Three blocks of 
tissue were removed from each heart. The first block 
consisted of the entire junction of the right atrium 
with the superior caval vein. The orifice of the caval 
vein was preserved by filling it with a bolus of tissue 
paper. The second block consisted of the inferior part 
of the interatrial septum and superior portion of the 
interventricular septum. The third block comprised 
the remaining atrioventricular junction. These tissue 
blocks were processed by the method detailed by 
Smith et al.2 The tissue paper plug was removed from 
the first block just before embedding in Fibrowax. 
Serial sections of 10 ит thickness were cut from each 
block, and all sections were collected. The first block 
was sectioned in a plane which cut horizontally across 
the orifice of the caval vein. The second block was cut 
in a frontal plane relative to the cardiac septum. The 
third block was sectioned in planes which profiled the 
atrioventricular junction. Every twenty fifth section 
was mounted and stained with a modified Masson's 
trichrome technique. Further sections were stained 
where necessary. 


CLINICAL DETAILS 

Case 1 

The mother was admitted for hospital observation 
because her pregnancy was "large for dates" and 
showed hydramnios. The fetus was noted to have 
episodes of supraventricular tachycardia and heart 
rates up to 300 beats/min. The fetal arrhythmia did 
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Fig. 1 Histological appearance of hypoplastic sinus node (case 1) (a) and magnified in (b) to show the few nodal cells surrounding 
the nodal artery. The extent of the node is marked by broken lines In (b). 


Fig.2 Histological appearance of atrioventricular junction in the plane of the atrioventricular (AV) node. The hypoplastic node from 
the patient in case 1 (a) is compared with that from the normal heart ( b) of a 2 day old infant. 
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Fig. 3 Lead II trace of electrocardiogram from the patient in 
case 2 showing supraventricular tachycardia. 


not respond to the digoxin and verapamil given to the 
mother. While under observation at 32 weeks’ ges- 
tation the fetus died in utero. Labour was induced 
and a hydropic male fetus was delivered by the vertex. 
On gross examination the heart and great vessels were 
anatomically normal. The foramen ovale and duct 
were patent. Histological examination showed a small 
sinus node located lateral to the superior cavoatrial 
junction. It was very poorly formed and consisted of 
only a few nodal cells around a nodal artery (Fig. 1). 
Its maximum dimensions were 1-1 mm wide and 
2 mm long. The atrioventricular node was grossly 
underdeveloped, although there was a well formed 
bundle and bundle branches (Fig. 2). Only a few 
nodal and transitional cells marked the site of the 
node. The remaining atrioventricular junction was 
normal. 


Case 2 
The mother was induced at 34 weeks' gestation for 
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fetal ascites and supraventricular tachycardia. The 
infant, a boy, developed heart failure with continuing 
severe ascites and tachycardia (Fig. 3). Cardiac 
catheterisation showed poor right ventricular func- 
tion. He responded temporarily to treatment but 
rapidly succumbed to progressive intractable cardiac 
failure and died at the age of 3 days. 

Postmortem examination of the heart showed no 
abnormality except the presence of a prominent post- 
eustachian sinus at the inferior cavoatrial junction. 
The foramen ovale was probe patent, and the ductal 
wall was thick. The sinus node was situated laterally 
in the cavoatrial junction and supplied by an anterior 
artery. The body of the node was small and measured 
1-5 mm long and 1 mm wide. There were few nodal 
cells (Fig. 4). A thin tail of the node could be traced 
intramyocardially. The atrioventricular node was 
located in its expected position. There were multiple 
extensions of conduction tissue into the central 
fibrous body. The penetrating bundle, branching 
bundle, and bundle branches were normally situated, 
but the entire system was smaller than usual. The 
right bundle branch was tiny. No accessory con- 
nexions were seen. 


Case 3 

А baby was born at term after a normal pregnancy. 
He gasped initially but did not develop adequate 
respirations. His electrocardiogram showed a very 


Fig.4 Histological appearance of 
the sinus node (case 2) composed of a 
small area around the nodal artery (a) 
compared with a normal node from a 
newborn infant sectioned in the same 
plane but shown at a lower 
magnification (b). The broken lines 
mark the extent of the nodes. 
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Fig.5 Histological appearance of the right cavoatrial junction (case 3) (a) showing the nodal artery which courses within the 
transitional cells of the node. Another section, inferior to (a), at higher magnification shows the fibrous tissue around the node (b). 


variable rhythm consisting of episodes of supraven- 
tricular extrasystoles with intervening periods of 
bradycardia. Congental heart disease was suspected. 
The baby died aged 1% hours despite continuous and 
appropriate resuscitative measures. 

No anatomical abnormalities were noted in the 
heart, great arteries, or veins at necropsy. The for- 
amen ovale and duct were patent. Histological exam- 
ination showed a grossly abnormal cardiac conduction 
system. The sinus node was tiny and located just to 
the right of the crest of the right atrial appendage. 
The body of the node measured no more than 0-6 mm 
long and 0-2 mm wide. It had no direct arterial supply 
and was insulated in most parts by fibrous tissue from 
the rest of the atrial myocardium. The sinus node 
artery skimmed the superior region of transitional 
cells (Fig. 5). The atrioventricular system was nor- 
mally distributed proximally but was much smaller 
than expected. The origins of the bundle branches 
were tenuous. Anteriorly, a tiny accessory bundle, 
12 wm thick and comprising of a few myocardial cells, 
connected the branching bundle to the left bundle 
branch (Fig. 6). Examination of the parietal atrioven- 
tricular junctional area did not show any further 


* accessory connexions. 


Discussion 


Arrhythmias in childhood are usually too benign to 
cause symptoms or too transient to be identified. 
There is, however, a very small group of children in 
whom these disturbances in rhythm are persistent and 
can and do prove fatal. We have recently made a his- 
tological examination of the conduction system in 
three patients in whom the arrhythmias were 
observed immediately before death. In all three cases 
there were no gross anatomical abnormalities of the 
heart which might have potentiated malformations of 
the conduction system. This absence of anatomical 
malformation was particularly surprising in the neon- 
ate in case 3, in whom the clinical signs suggested 
“congenital heart disease." 

The normal sinus node, unlike that seen in older 
individuals,?* does not have a strong collagen net- 
work. It has been suggested that the collagen 
framework that separates the nodal cells into small 
clusters has a part in stabilising the electrical activity 
of the sinus node.5 In infants, electrical instability 
may be partly due to poor formation of the nodal 
collagen.5 In our three hearts there was a paucity of 
fibrous tissue within the sinus node, and the nodal 
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cells were not well segregated into groups. More 
significantly, the sinus nodes in all our cases were 
notably hypoplastic and lacking in bulk. The dimen- 
sions were less than half the normal range for neo- 
nates? and smaller than for fetuses.* 

Atrial arrhythmias have been associated with a loss 
in nodal fibres not accompanied by an increase in 
connective tissue.? The loss in nodal fibres in patients 
in this study, who ranged from a 2 year old to a 
patient in his ninth decade, was thought to be due to a 
degenerative process. In contrast, all our patients 
were in the perinatal age range. We therefore feel that 
the hypoplasia of the sinus node in our cases was due 
to an arrest or a defect in development rather than an 
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Fig. 6 Histological appearance of the 


ongin of the left bundle branch (a). An 


area is enlarged in ( b) showing the tiny 


| accessory connexion and the tenuous origin 
` of the tiny left bundle branch. The right 


bundle branch is also tiny (с). 


active degenerative process. 

Tt seems probable that the sinus node defect could, 
in itself, have an effect on the heart rhythm. 
Nevertheless, on its own, this is unlikely to account 
for the fatal outcome. All our cases had additional 
poor formation of the atrioventricular conduction 
axis. In the two cases in which supraventricular 
tachycardia was noted the atrioventricular node was 
either hypoplastic or smaller than expected. In the 
other case, in which the rhythm was variable, the 
atrioventricular conduction system was also small. A 
tiny accessory connexion was found between the 
branching bundle and the left bundle branch. The 
"arrhythmogenic" potential of this type of bypass - 
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tract has previously been suggested.!? The accessory 
pathway is exceedingly small, and pathways of this 
size could possibly have been missed in other cases. 
Another unusual finding (case 3) was the presence of a 
fibrous collar around the sinus node (although there 
was minimal fibrous tissue within the node). The col- 
lar permitted only minimal contact of the node with 
the rest of the atrial myocardium. 

In all these cases of arrhythmia we were able to find 
abnormalities in the conduction system. Neverthe- 
less, at this stage it is not possible to conclude that the 
arrhythmias were due to the specific defects of the 
conduction system. There is a clear anatomical corre- 
lation with the electrocardiographic findings in ven- 
tricular pre-excitation.!! !? Anatomical correlations 
with other forms of arrhythmia are exceedingly 
difficult, although the possibilities are considerable.!? 
There is much that needs to be investigated further. 
For instance, to what extent does hypoplasia of the 
atrioventricular node influence the heart rate? Is 
underdevelopment of the cardiac conduction system a 
major cause of fatal perinatal (particularly supraven- 
tricular) tachycardia? We hope that this study will 
generate more interest and prompt a detailed exam- 
ination of the cardiac conduction system in all patients 
with confirmed electrographic changes who subse- 
quently come to necropsy. Only in this way, and by 
preparing suitable controls, will we be able to evaluate 
precisely the clinical significance of changes seen 
under the microscope which otherwise must com- 
prise, at best, circumstantial evidence. 


We thank our clinical colleagues for permission to 
report details of their patients. 
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flecainide acetate 
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SUMMARY Intravenous flecainide successfully terminated atrial tachycardia in three patients. 
Maintenance treatment with oral flecainide prevented the recurrence of tachycardia for up to three 
years. These results suggest an additional use for flecainide which should be further explored. 


Flecainide acetate is a new synthetic antiarrhythmic 
drug which is classified as a Vaughan Williams class 
IC agent.! ? It has been shown to be effective in the 
treatment of junctional arrhythmias? and in certain 
ventricular arrhythmias,* 5 but there are few pub- 
lished data on its use in atrial arrhythmias. It seems 
effective in the conversion of atrial fibrillation to sinus 
rhythm, but is much less effective for terminating 
atrial flutter.? We report three patients with atrial 
tachycardias who were successfully treated by 
intravenous flecainide ара іп whom sinus rhythm was 
maintained with the oral preparation. 


Patients and methods 


CASE 1 А 

А 23 year old man with the Wolff-Parkinson-White 
syndrome (type À) underwent successful cryoablation 
of a left lateral accessory pathway and incidental clos- 
ure of a persistent foramen ovale. Nine days post- 
operatively he developed frequent atrial extrasystoles 
and episodes of atrial tachycardia and fibrillation, 
with intermittent left bundle branch block. There was 
no evidence of pre-excitation, and intracardiac elec- 
trophysiological studies confirmed the atrial origin of 
the arrhythmia. Tachycardia became incessant and 
was not terminated by disopyramide 150 mg given 
intravenously. Verapamil 5 mg intravenously pro- 
duced only temporary suppression. On the twelfth 
postoperative day flecainide 75 mg was given 
intravenously and completely suppressed tachycardia 
and the associated atrial ectopic activity. With 
maintenance treatment with oral flecainide 150 mg 
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twice daily he has remained asymptomatic for three 
months and his electrocardiogram shows uninter- 
rupted sinus rhythm. 


CASE2 

А 57 year old man with an eight year history of recur- 
rent attacks of palpitation and syncope was diagnosed 
by electrophysiological study as having chaotic atrial 
tachycardia. Thyroid function tests were normal. 
Treatment, over a five year period, with digoxin, ver- 
apamil, metoprolol, disopyramide, atenolol, sotalol, 
and propranolol, alone and in combinations of two 
drugs, proved ineffective at suppressing the attacks. 
He was readmitted with an episode of tachycardia 
which had started four days previously. On admission 
his heart rate was approximately 200 beats/min and 
blood pressure 95/70 mm Hg. Flecainide, 90 mg 
intravenously, terminated the tachycardia, but it 
recurred 30 minutes later at the slower atrial rate of 
150 beats/min. A further 75 mg of flecainide was 
given, which gradually slowed the tachycardia until 
sinus rhythm emerged. He remained free of symp- 
toms and was in sinus rhythm six months later, taking 
oral flecainide 150 mg twice daily. 


CASE3 

A 33 year old man was admitted with a two year his- 
tory of palpitation, which lasted from one hour to 
several days and was occasionally associated with 
syncope. The attacks had increased in frequency, 
occurring on alternate days. Prophylaxis with prop- 
ranolol and disopyramide, either alone or in combina- 
tion, was ineffective. Resting electrocardiograms 
showed a narrow QRS complex tachycardia at a rate 
of 160-170 beats/min and left ventricular hypertro- 
phy on voltage criteria. Thyroid function tests were 
normal. À first pass nuclear angiogram showed glob- 
ally impaired left ventricular function, and at cardiac 
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Figure Electrocardiograms and electrograms showing the effect of intravenous flecainide on automatic left atrial tachycardia (case 
3). Beforeflecainide administration the left atrial focus has a discharge frequency of 135 beats/min (445 ms). During infusion there is 
gradual slowing of the tachycardia rate with the emergence of sinus rhythm at a rate of 113 beatshnin (530 ms) after 48 s. Note the 


change in atrial activation sequence from earliest activity in the distal coronary sinus electrogram (DCS) before flecainide 
administration to earliest activity in the high right atrium (HRA) during flecainide infusion. 


catheterisation left ventriculography showed a large 
cavity with general hypokinesis and ejection fraction 
reduced at 25%. Intracardiac pressures were normal, 
as was coronary arteriography. 

Electrophysiological study showed an automatic 
left atrial tachycardia. Intravenous flecainide 120 mg 
slowed the tachycardia from 135 beats/min, and sinus 
rhythm resulted after 48 s at a rate of 113 beats/min 
(Figure). 

With maintenance treatment with  flecainide 
100 mg three times daily he has remained symptom 
free for three years. Excercise electrocardiograms and 
24 hour Holter monitoring have shown normal sinus 


rhythm. 
Discussion 


Initial studies of flecainide showed it to be effective 
against atrial and ventricular arrhythmias induced in 
experimental animals by either chemical or ischaemic 
methods.® ? 

The electrophysiological effects of flecainide have 
been studied extensively, and in general its effect on 
conduction is more profound than on refractoriness. 
In particular, it causes a consistent increase in the PA 
interval, a measure of the intra-atrial conduction time, 
by a mean of 2296.1? Increases in atrial refractoriness 
have been shown,!? but these are usually small and 
fail to reach statistical significance, although Pop et 
al found a significant increase of 17-596.!! In the same 
report flecainide successfully prevented the induction 
of atrial tachyarrhythmias by programmed stimula- 
tion in nine out of 16 patients studied. 

Orning reported a single case of chronic atrial 
tachycardia where temporary suppression of the 
arrhythmia was achieved by intravenous flecainide.!? 
Somani reported the effective suppression of atrial 
extrasystoles in two out of three patients given 
flecainide intravenously but found no effect on 
chronic atrial fibrillation in another two patients. 13 
Nathanet al treated 10 patients with paroxysmal atrial 


fibrillation with intravenous flecainide and produced 
conversion to sinus rhythm in nine.” By contrast, in 
the same report, termination of paroxysmal atrial 
flutter by intravenous flecainide was achieved in only 
two out of a further 10 patients, although the atrial 
rate slowed in all cases and slowing of the ventricular 
response occurred in nine. 

It is of interest that in two cases in the present 
report tachycardia reversion occurred by progressive 
slowing until sinus rhythm emerged and resumed 
control. This is in contrast to the effect of flecainide 
on junctional re-entrant tachycardias where termina- 
tion is sudden and where there is a more pronounced 
effect on the refractoriness of some of the individual 
tissue components of the junctional re-entrant cir- 
cuit.3 1° In case 1 flecainide successfully abolished the 
repetitive atrial ectopic activity, which suggests that it 
may also selectively suppress the enhanced automatic- 
ity of ectopic foci. 

The efficacy of flecainide against atrial tachycardias 
shown by these cases suggests a potential additional 
use for the drug, although comparative studies are 
required to define its precise role. 


AWN and AJC are supported by the British Heart 
Foundation. 
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Tetralogy of Fallot with major aortopulmonary 
collateral arteries 


JAMES M RAMSAY, FERGUS J MACARTNEY, SHEILA G HAWORTH 
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SUMMARY The clinical features of eight patients with tetralogy of Fallot and major aortopulmonary 
collateral arteries were determined and found to be usually unhelpful in differentiating such patients 
from those with pulmonary atresia with ventricular septal defect. The point of connection between 
the pulmonary and collateral arteries could usually be demonstrated at cineangiography by observ- 
ing washin and washout between the two systems. The central pulmonary arteries connected with 
the entire pulmonary vascular bed in the five patients in whom the anatomy of the pulmonary 
circulation was clearly demonstrated and were thought to do so in the remaining three patients also. 
In six out of eight patients only one collateral artery connected with each hilar pulmonary artery. 

These findings suggest that the anatomy of the pulmonary circulation in patients with tetralogy of 
Fallot and major aortopulmonary collateral arteries is usually less complex than in pulmonary atresia 
with ventricular septal defect, making the outlook for complete repair more hopeful. The major 
determinant of successful complete repair appears to be pulmonary arterial size. Early palliative 
surgery to increase pulmonary blood flow is recommended to encourage normal growth of the 


central and intrapulmonary arteries. 


Unlike in patients with pulmonary atresia and ven- 
tricular septal defect the association of tetralogy of 
Fallot with major aortopulmonary collateral arteries is 
rare. In pulmonary atresia with major aortopulmo- 
nary collateral arteries a successful intracardiac repair 
depends on the size of the central and intrapulmonary 
arteries, the absence of stenoses, and the number of 
lobar and segmental pulmonary arteries connected to 
the central pulmonary arteries. The anatomy of the 
pulmonary arterial circulation in patients with tetral- 
ogy of Fallot and major aortopulmonary collateral 
arteries has not been well documented. We therefore 
describe the clinical and angiographic features in eight 
such patients. 


Patients and methods 


Eight patients from this hospital and Killingbeck 
Hospital, Leeds, had cineangiographic demonstration 
of tetralogy of Fallot with a patent right ventricular 
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outflow tract and major aortopulmonary collateral 
arteries. Patients with an acquired collateral circula- 
tion were excluded from the study. The earliest date 
of cardiac catheterisation was 1972. Four patients 
came from each hospital; five were girls and three 
were boys. 

Details of the clinical presentation, physical signs, 
cardiac catheterisation and angiographic studies, sur- 
gical treatment, and outcome were taken from the 
hospital records. The cineangiograms were carefully 
studied in order to delineate the blood supply of each 
bronchopulmonary segment of lung. The presence of 
washin and washout was specifically sought to help 
decide whether a segment of lung had a dual pulmo- 
nary blood supply.! Several patients were studied at a 
time when selective injections into the major aor- 
topulmonary collateral arteries consisted of a single 
large film exposure of a hand injection of contrast 
medium into the collateral artery. This made it 
difficult to determine segmental pulmonary arterial 
blood supply in some patients with absolute 
confidence. 

The central pulmonary arteries and their branches 
and the collateral arteries and their branches were 
mapped out on a diagram of the bronchial branching 
pattern.? The size of the pulmonary trunk and central 
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and intrapulmonary arteries was assessed. The side of 
the aortic arch and other intracardiac and extracardiac 
abnormalities were recorded. 


CLINICAL PRESENTATION 

The patients presented at between 1 day and 3 years 
of age. None required urgent treatment, and there 
was no history of hypoxic spells either at presentation 
or later during follow up. Mild cyanosis and a mur- 
mur were noted in six babies during the first week of 
life. In one patient mild cyanosis, sweating, and 
tachypnoea on feeding were noted at 6 weeks. The 
remaining patient, the oldest in the series, born in 
1942, did not present until 3 years of age when she 
was noted to be mildly cyanosed and short of breath. 

Six patients had a prominent continuous murmur, 
of whom two also had a soft systolic murmur at the 
left sternal border. One patient had a loud systolic 
murmur with a thrill at the left sternal border and one 
only a soft systolic murmur. All had a single second 
heart sound. An ejection click was heard in three 
patients. The chest radiograph showed a right aortic 
arch in six patients. Pulmonary vascular markings 
were decreased in three, normal in three, and 
increased in the remaining two patients. In all cases, 
the electrocardiogram showed right axis deviation and 
signs of right ventricular hypertrophy. Cross sectional 
echocardiography was available for only the last two 
patients and appeared to show pulmonary atresia with 

“ventricular septal defect. 

The clinical diagnosis was pulmonary atresia with 
ventricular septal defect and major aortopulmonary 
collateral arteries in six patients. The remaining two 
patients were thought to have tetralogy of Fallot, one 
with acquired collateral circulation. 


CINEANGIOGRAPHY 

Four patients had selective cineangiograms into the 
major aortopulmonary collateral arteries. All these 
collaterals arose from the descending thoracic aorta. 
Table 1 shows their number and distribution. An 


"Table 1 Details of major aortopulmonary collateral arteries 
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injection into the right ventricular outflow tract was 
performed in three patients and an injection into the 
left pulmonary artery in one (Fig. 1). Injection at 
these sites combined with selective injections into the 
major aortopulmonary collateral arteries gave the best 
definition of the segmental pulmonary arterial blood 
supply. In those patients with selective cineangio- 
grams it was relatively easy to decide whether or not 
the major aortopulmonary collateral arteries were in 
communication with the pulmonary arteries by look- 
ing for washin and washout (Fig. 2). This was more 
difficult in the remaining patients, but if the aorto- 
grams were studied carefully washout could some- 
times be demonstrated. In five patients the major aor- 
topulmonary collateral arteries were seen connecting 
with the hilar pulmonary arteries. In those cases the 
central pulmonary arteries appeared to supply 100% 
of the bronchopulmonary segments. One patient had 
an absent left central pulmonary artery, but the right 
pulmonary artery connected with all the segmental 
arteries of the right lung and was also perfused by one 
major aortopulmonary collateral artery which joined 
the right pulmonary artery at the hilium. In the other 
two patients it was not possible to be certain of the 
segmental pulmonary arterial blood supply, but there 
was a considerable amount of washout at the hilum of 
both lungs, suggesting that the central pulmonary 
arteries connected with all the bronchopulmonary 
segments in each lung. 

The central pulmonary arteries were hypoplastic in 
six patients, and normal in the other two. The 
intrapulmonary arteries were also small in the six 
patients with hypoplastic central vessels. In one of the 
two patients with normal sized central pulmonary 
arteries, the intrapulmonary arteries of the left lung 
were smaller than normal (Fig. 1). The presence of a 
right aortic arch was confirmed in six of the eight 
patients. 


SURGICAL OPERATIONS AND OUTCOME 
Five patients (cases 1, 4, 5, 6, and 7) had an aor- 








Case Selective No and site Segments supplied Size of CPA Intrapulmonary arteries 

No cineangiograms* of collaterals by CPA 

1 Yes 2: 1 left, 1 right 100% LPA 5-8 mm RUL 24 mm 

2 No 2: 1 left, 1 right Probably 100% Normal Normal 

3 Yes 3: 2 left, 1 right 100% 5-8 mm 24 mm 

4 No 1 right Right lung 100%, RPA 5-8 mm HLPA filis late from bronchial 

LPA absent : ; collaterals 

5 Yes 2: 1 left, 1 right 100% 5-8 mm Not well defined but 5-8 mm 

6 No 4 or 5: 2 left, Probably 100% 5-8 mm Not well defined but 5-8 mm 
2 or 3 right ғ 

7 Үеѕ 2: 1 left, 1 right 100% 5-8 mm Not well defined but 5-8 mm 

8 No 4: 3 left, 1 right 100% Normal 5-8 mm on left, normal on right 


— M MÀ—— M —M € € 
СРА, central pulmonary artery; CLPA, central left pulmonary artery; LPA, left pulmonary artery; RPA, right pulmonary artery; RUL, right 


upper lobe; А, hilar left pulmonary artery. 
*Of major aortopulmonary collateral arteries. 
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Fig. 1 Case 8: (a) Cineangiogram of the left pulmonary artery showing a good sized main pulmonary artery (MPA) and nght 
pulmonary artery, but the left intrapulmonary arteries are smaller than normal. А major aortopulmonary collateral artery (MAPCA) 
can be seen to fill retrogradely. (b) An aortogram showing the major aortopulmonary collateral arteries supplying the left lung 


ible2 Details of operation and outcome 








se First operation Second operation Outcome 
epee a анаа = = ee i —— id 

Age Procedure Age Procedure 

7% yrs Right BT shunt and ligation of 2 d after Left modified BT shunt Awaiting repair 
collaterals first operation 

13 yrs Ligation of collaterals, left Well; residual pulmonary incompetence, 
thoracotomy followed by complete no postoperative cardiac 
repair catheterisation 

3 yrs Open infundibulectomy, pericardial 5 yrs Closure of MAPCA using balloon Follow up in USA since 1978 
patch, no VSD closure transaortically during cardiac 

catheter 

11 mnths Left BT shunt Awaiting repair 

2 yrs Right BT shunt, collateral vessels 3% yrs Two collaterals tied via left Died 14 hours postoperatively, 
ligated thoracotomy, then complete repair low output 

18 mnths MAPCA ligated, left BT shunt, 6 yrs Complete repair (3 hrs to dissect Died 12 hours postoperauvely 
thrombosed—reoperation 2 days Blalock) low output 
later Revision of left BT shunt Awaiting repair 

3 yrs Left BT shunt, ligation of 8 yrs 
collaterals Complete repair, infundibular Postoperative catheterisation, pulmonary 

30 yrs Left collaterals ligated 31 yrs resection, no pulmonary artery pressure 42/6 mm Hg, right 

valvotomy ventricular pressure 68/9 mm Hg, 


residual right MAPCA 
dena qu —  —Á——— B —  ' —————— ÁÉ——————— ————Á———————— áUaüdÀ—o A à 


Р; Blalock-Taussig; MAPCA, major aortopulmonary collateral arteries; VSD, ventricular septal defect. 
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a A t 
à кл є ^ x 
Fig.2 Case 5: (a) Cineangiogram showing the filling of the central pulmonary arteries from a selective injection into a major 
aortopulmonary collateral artery (MAPCA) and (b) washout of the right pulmonary artery (RPA) due to major aortopulmonary 
collateral artery flow after an injection into the right ventricular outflow tract (RVOT). LPA, left pulmonary artery. 


topulmonary shunt performed (Table 2). None 
showed appreciable clinical improvement, and in 
three patients (cases 5, 6, and 7) subsequent cardiac 
catheterisation did not demonstrate a significant 
increase in the size of the pulmonary arteries. Collat- 
eral arteries were ligated in six patients, at the time of 
a shunt operation in four. There was no evidence of 
pulmonary infarction after ligation of a collateral 
artery in any patient. To date only two patients (cases 
2 and 8) have survived a complete repair at the age of 
13 and 30 years. These were the only patients with 
good sized pulmonary arteries. In both these patients 
the major aortopulmonary collateral arteries were 
tied, in one some months before the repair and in the 
other at the time of the repair. Two other patients 
(cases 5 and 6) died immediately after a complete 
repair. At necropsy the central pulmonary arteries 
were small. Both of these patients had previously had 
a Blalock-Taussig shunt. Three patients had palliative 
aortopulmonary shunts performed because their pul- 
monary arteries were small (they will be reinvesti- 
gated before an intracardiac repair is considered). The 
remaining patient (case 3) had an open infundibulec- 
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tomy with pericardial patch insertion into the right 
ventricular outflow tract but without closure of the 
ventricular septal defect. This patient also had balloon 
occlusion of major aortopulmonary collateral arteries 
at a subsequent cardiac catheterisation in another 
institution.? 


Discussion 


This is the first report of a group of patients with 
tetralogy of Fallot and major aortopulmonary collat- 
eral arteries. There have previously been two single 
case reports describing the association with limited 
clinical detail and no follow up.** 

The findings in the present study suggest that in 
contrast to what is seen in most patients with pulmo- 
nary atresia and ventricular septal defect, in patients 
with tetralogy of Fallot all the bronchopulmonary 
segments are connected to the central pulmonary 
arteries. Furthermore, the number of collateral 
arteries arising from the descending thoracic aorta was 
generally smaller in patients with tetralogy of Fallot 
than in most patients with pulmonary atresia with 
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ventricular septal defect. In six out of eight cases of 
tetralogy of Fallot usually only one collateral artery 
connected with each hilar pulmonary artery. Lastly, 
' since major aortopulmonary collateral arteries are 
commonly associated with pulmonary atresia with 
ventricular septal defect, the presence of these collat- 
erals might have been expected to occur only in cases 
with severe tetralogy of Fallot. In the present study, 
however, two patients had a relatively mild form of 
tetralogy of Fallot. 

When the patients presented, a significant systolic 
murmur was often not heard despite the presence of 
an open right ventricular outflow tract, suggesting a 
low blood flow across the pulmonary valve. In 
patients thought to have pulmonary atresia with ven- 
tricular septal defect, therefore, it is important to 
determine whether or not the valve is in fact atretic by 
selective injection of contrast medium into the right 
ventricular outflow tract. Non-invasive investigations 
are not yet helpful in this respect, since it is difficult to 
distinguish an imperforate pulmonary valve from one 
that is barely patent by cross sectional echocardiogra- 
phy, at least in our experience. Nevertheless, the 
introduction of Doppler echocardiography with dup- 
lex scanning may make it possible to detect the pres- 
ence of forward flow across the pulmonary valve. 
Improvement of near field resolution on cross sec- 
tional echocardiography should also help clarify the 
anatomy of the right ventricular outflow tract. 
Cineangiography will still be required, however, for 
demonstrating the pulmonary arterial anatomy and 
blood supply. 

As in pulmonary atresia with ventricular septal 
defect selective injection into each major aortopulmo- 
nary collateral artery is mandatory to: determine the 
source of blood supply. The size of the central and 
intrapulmonary arteries may be better demonstrated 
by right ventricular outflow tract or pulmonary arter- 
lal injection. In the present series each lung studied 
appeared to be entirely connected to the central pul- 
monary artery, but this is a small series. Investigation 
of these patients with tetralogy of Fallot should there- 
fore aim to exclude the presence of collateral arteries 
connecting end to end with lobar or segmental pul- 
monary arteries that do not have an alternative source 
of blood supply. The investigations should also 
exclude the presence of a dual blood supply to a part 
of the lung by two or more collaterals, in addition to 
the supply from the right ventricular outflow tract. 

As is the case in pulmonary atresia with ventricular 
septal defect, when all or most bronchopulmonary 
segmental arteries connect to the central pulmonary 
arteries, a successful intracardiac repair depends on 
the size of the central and intrapulmonary arteries. 
The only two patients in the present series to have had 
27 a successful repair were those with normal sized pul- 
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monary arteries. Palliative surgery should aim at 
encouraging normal growth of the pulmonary 
arteries. The choice is between an aortopulmonary 
shunt and reconstruction of the right ventricular 
outflow tract. There is some uncertainty about which 
procedure is the more effective, particularly as it is 
not known whether the results in patients with pul- 
monary atresia can be extrapolated to those with a 
patent right ventricular outflow tract. The timing is, 
however, probably at least as important as the type of 
palliative surgery. Early palliative surgery is recom- 
mended since it is more likely to achieve growth 
rather than mere distension of the central and 
intrapulmonary arteries. Recent studies have shown 
that not only small but large central pulmonary 
arteries can be associated with hypoplastic intrapul- 
monary arteries in patients with tetralogy of Fallot 
without collaterals and with either pulmonary atresia 
or tetralogy of Fallot and major aortopulmonary col- 
lateral arteries.5 6 

In the future the management of patients with tet- 
ralogy of Fallot and major aortopulmonary collateral 
arteries may be modified by using transcatheter 
embolisation of the collateral arteries when the flow 
through the pulmonary valve is satisfactory, for 
example with detachable balloons.? In this way, a lat- 
eral thoracotomy might be avoided in patients des- 
tined for a complete repair. In patients who require 
palliative surgery the major aortopulmonary collateral 
arteries could be embolised at cardiac catheterisation 
after the surgical procedure if the central pulmonary 
artery supplied most or all of each lung and pulmo- 
nary blood flow was adequate. This approach has the 
advantage that a preliminary trial occlusion of the col- 
lateral artery is possible, while monitoring systemic 
arterial saturation and watching for any other possible 
complications of collateral occlusion. 

In conclusion, patients with tetralogy of Fallot and 
major aortopulmonary collateral arteries require a 
precise cineangiographic diagnosis and demonstration 
of the anatomy of the pulmonary circulation in order 
to plan the surgical management. Surgical treatment 
will have to be individualised, as in patients with 
pulmonary atresia and ventricular septal defect. 
Nevertheless, since the anatomy of the pulmonary 
circulation appears to be less complex in patients with 
tetralogy of Fallot than in those with pulmonary 
atresia and ventricular septal defect, management will 
usually consist of encouraging normal growth of the 
central and intrapulmonary arteries by increasing the 
pulmonary blood flow as a prelude to complete repair. 
The outlook may be more optimistic in patients with 
tetralogy of Fallot since they have an open right ven- 
tricular outflow tract and all or most bronchopulmo- 
nary segments appear to be connected to the central 
pulmonary arteries. 
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Prostacyclin infusion in patients with acute myocardial 
infarction 
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SUMMARY To investigate whether prostacyclin protects ischaemic myocardium in humans the effect 
of prostacyclin or placebo was studied in two groups of patients with acute myocardial infarction 
who presented within six and 16 hours of the onset of symptoms. Intravenous infusion of prostacyc- 
lin or placebo was started immediately after admission at a rate corresponding to 4—5 ng/kg/minute. 
The infusion was maintained for 72 hours. Clinical status, electrocardiograms, plasma enzyme 
activity, infarct extension during the infusion, and reinfarction after the infusion were studied. 
Prostacyclin was well tolerated by most patients: neither systemic blood pressure nor heart rate 
differed between the two groups. In the 11 patients who received treatment within six hours of the 
onset of symptoms prostacyclin significantly lowered the maximum plasma activities of creatine 
kinase MB and lactate dehydrogenase. In the 19 patients who received treatment 6-16 hours after 
the onset of symptoms prostacyclin had no such effect. None of the patients receiving prostacyclin 
had an extension of the infarction during the infusion, whereas four patients receiving placebo did; 
this difference was significant. 

These data are the first to provide evidence that prostacyclin might limit myocardial injury in 
patients with acute myocardial infarction. 


Prostacyclin is a metabolite of arachidonic acid that is 
formed in vascular endothelium throughout the 
body.!'^? Prostacyclin has vasodilative and platelet 
antiaggregatory properties, and in view of these 
actions the compound may prevent platelet aggrega- 
tion and thrombosis in healthy vessels. Vascular for- 
mation of prostacyclin is reduced in athero- 
sclerosis,*" 5 and this has been proposed as a factor 
responsible for the increased incidence of thrombosis 
in this state. 

'The actions mentioned above have also prompted 
the proposal of prostacyclin as a suitable agent for the 
treatment of acute myocardial infarction. The 
findings concerning endothelial production of pros- 
tacyclin in healthy and atherosclerotic vessels sug- 
gested that such treatment might restore lost pros- 
tacyclin activity in the cardiovascular system, espe- 
cially in the coronary circulation. In fact, prostacyclin 
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reduces the size of experimental infarction in various 
animal models.” !° On the other hand, the administ- 
ration of prostacyclin to humans with various signs of 
ischaemic heart disease has yielded inconclusive 
results.!! ^ 13 

To evaluate the effect of prostacyclin in patients 
with acute myocardial infarction, we performed a 
double blind investigation in 30 patients. 


Patients and methods 


The study was performed during 1983-84 at this hos- 
pital. Patients admitted to the hospital coronary care 
unit and meeting the selection criteria of the study 
were invited to participate. Informed consent was 
obtained from all patients. The study protocol was 
approved by the local human investigations commit- 
tee. 


SELECTION OF PATIENTS 

Patients admitted with chest pain typical of acute 
infarction (>30 min duration) and with confirmative 
electrocardiogram or plasma enzyme activity or both 
were included provided that treatment could be 
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started within 16 hours of the onset of symptoms. The 
age limits were 18—75 years; female patients were 
included only if postmenopausal. Either (а) new or 
presumably new Q waves of at least 0-04 s duration 
and amplitude amounting to >25% of the following R 
wave in either (i) leads II, III, and aVF, (ii) leads I 
and aVL, or (iii) two or more precordial leads, or (b) 
ST segment elevation of >2 mV in two leads were the 
confirmative electrocardiographic criteria used. A rise 
in plasma activity to at least twice the upper normal 
limit of the hospital laboratory's reference value for 
two of the enzymes—creatine kinase, aspartate 
aminotransferase, and lactate dehydrogenase—or 
appreciably increased myocardial specific creatine 
kinase MB activity was accepted as evidence of acute 
myocardial infarction. 

Patients with an earlier acute myocardial infarction 
within the past two months, as well as those with 
Psychiatric, endocrinological or infectious or malig- 
nant diseases, were excluded. 


RANDOMISATION AND STRATIFICATION 

A randomisation protocol was prepared before the 
study and was kept by the pharmacist delivering the 
drug to the coronary care unit during the entire inves- 
tigation. The randomisation protocol was adapted to 
yield 15 patients in each of the prostacyclin and 
placebo groups. The investigation protocol also pre- 
Scribed a separate study to compare the results of 
patients receiving prostacyclin with those receiving 
placebo within six hours of the onset of symptoms. 
These patients were, however, not randomised sepa- 
rately. 


ADMINISTRATION OF PROSTACYCLIN OR 
PLACEBO 

Prostacyclin (synthetised by the Upjohn Company 
and formulated by the Wellcome Foundation), stored 
as a freeze-dried powder, was dissolved in glycine buf- 
fer pH 10-5 immediately before infusion. А fresh solu- 
tion was prepared every 12 hours during the infusion 
peried. Glycine buffer at pH. 10-5 was infused as the 
placebo. The infusion was given into a peripheral arm 
vein using a volume controlled pump (IMED 922) at a 
rate corresponding to 1 ng/kg/min and increased 
stepwise over one hour to a maximum of 5 ng/kg/min. 
If systolic blood pressure fell or heart rate increased 
by >10% before the maximum infusion rate had been 
reached the infusion was maintained at the current 
rate. The overall infusion time was 72 hours. During 
the last four hours the infusion rate was gradually 
tapered off in order to avoid rebound phenomena. In 
addition to the infusion of prostacyclin, the patients 
received routine clinical and pharmacological treat- 
ment for acute myocardial infarction and were man- 
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aged by the ordinary staff of the coronary care unit. 
The investigators did not influence the routine care. 


EVALUATION OF CLINICAL STATUS AND 
LABORATORY FINDINGS 

АП patients underwent a baseline clinical and labora- 
tory evaluation before infusion of the drug was started 
comprising a physical examination, a standard 12 lead 
electrocardiogram, chest x ray examination, routine 
chemical blood examination, and measurement of 
plasma activity of creatine kinase MB, creatine kin- 
ase, aspartate aminotransferase, and lactate dehy- 
drogenase. During the infusion of prostacyclin a 12 
lead electrocardiogram was recorded daily. Plasma 
creatine kinase MB activity was measured in samples 
taken 8, 16, and 24 hours after the start of the infu- 
sion. Plasma creatine kinase, aspartate aminotransfer- 
ase, and lactate dehydrogenase activities were meas- 
ured daily until discharge. At the end of the study (30 
days after admission) a physical examination, includ- 
ing evaluation of the patient's functional status, and 
an electrocardiogram were performed. The 12 lead 
electrocardiograms were analysed using a QRS scor- 
ing system!^ in which each recording was scored from 
0 to 29, with a value >2 strongly suggesting myocar- 
dial infarction. QRS scoring was performed on elec- 
trocardiograms recorded on days 3, 7, and 30 after the 
start of the infusion. ST segment elevation was meas- 
ured as the sum of the vertical distances between the 
isoelectric line and the midpoint of the ST segment in 
the two leads showing the most prominent elevations 
on day 1. ST elevation was assessed on days 1, 2, and 
3 after the start of the infusion. АП electrocardio- 
graphic evaluations were performed by a trained 
interpreter who was not a member of the investigating 
team and was unaware of the type of treatment the 
patients had received. 


Results 


COMPARABILITY OF THE GROUPS 

Table 1 shows the result of the randomisation proce- 
dure. The number of patients, their sex distribution 
and age, as well as the time from the onset of symp- 
toms to the start of infusion did not differ between the 
prostacyclin and placebo groups. The number of 
patients receiving infusion within six hours of the 
onset of symptoms was slightly greater in the pros- 
tacyclin group. Some patient characteristics related to 
an increased incidence of ischaemic heart disease were 
over-represented in the prostacyclin group, but the 
difference is not significant. Table 2 shows the 
number of patients receiving beta blocking drugs 
before or during the infusion of prostacyclin or 
placebo. The proportion of patients given beta block- 
ing drugs did not differ between the two groups. The 
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Table 1 Group characteristics in patients with acute 
myocardial infarction randomised to receive prostacyclin or 
placebo and the occurrence of factors related to increased 
incidence of myocardial infarction in the two groups. Figures are 
numbers of patients 








Prostacyclin Placebo 
Group characteristics 

No of patients 15 15 
Sex distribution (M/F) 10/5 12/3 
Age (yr) 

Mean (SEM) 62 (6) 60 (3) 

Range 53 (71) 40 (73) 
Mean (SEM) time from onset of 

ain to start of infusion (h) 8-1 (1:2) 9-6 (1:3) 


Infarct localisation 

(anterior/posterior) 8/7 8/7 
No of patients receiving infusion 

within six hours of onset of 


symptoms А 4 
Infarct localisation 

(anterior/posterior) 2/5 3/1 

Related factors 

Smoking 1 9 
Hypertension 8 6 
Hyperlipidaemia 2 3 
Earlier angina 6 3 
-Cardiac failure before infusion 7 3 





proportion of patients receiving beta blocking drugs 
was in fact slightly higher in the placebo group, and 
this tendency was reinforced during days 2 and 3 of 
infusion. The difference did not, however, reach 
statistical significance. 
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DRUG.TOLERANCE 

Of the patients in the prostacyclin group, 12 could be 
given the drug at a rate of 5 ng/kg/minute without 
exceeding the predetermined systolic blood pressure 
value or pulse rate. In one patient the infusion rate 
was never increased above 4 ng/kg/minute because of 
a tendency to hypotension, and in two other patients 
the rate had to be reduced to 4 ng/kg/minute for the 
sarne reason. Figure 1 shows the values for the systolic 
and diastolic blood pressure and heart rate. There 
were no differences in these variables before, during, 
or after the infusion. Table 3 shows the cardiac stress 
index (the product of the systolic blood pressure and 
the heart rate) during the infusion in the two groups. 
Again there was no difference between the groups. 


CLINICAL OBSERVATIONS 

Table 4 shows the occurrence of congestive heart fail- 
ure before and after the study. Two patients were 
receiving treatment for heart failure when they 
entered the study; both were in the prostacyclin 
group. Another five patients in this group had clinical 
or radiographic findings or both indicating heart fail- 
ure on entering the study. The number of patients in 
the prostacyclin group requiring treatment for heart 
failure did not increase during the course of the infu- 
sion. In the placebo group three patients had clinical 
or radiographic evidence of heart failure on entering 
the study. During the course of the infusion, this 
number increased to eight (Table 4). : 


Table2 Administration of beta blocking drugs in the groups receiving prostacyclin or placebo. Figures are numbers of patients (mean 


24 hour dosages in mg given їп parentheses) 











Drug Time (h)* Preinfarction Day 1 Day 2 Day 3 
Prostacyclin group 
Metoprolol 0-16 1 (200) 1 (200) 4 (125) 4 (125) 
0-6 1 (200) 1 (200) 2 (175) 2 (175) 
Pindolol 0-16 1(10) 1(10) 1(10) 1(10) 
0-6 0 0 
Atenolol 0-16 1 (100) 1 (100) 1 (10) 1 (10) 
0-6 0 0 0 
None 0-16 12 12 9 9 
0-6 6 6 5 5 
Placebo group 
Metoprolol 0-16 1 (100) 2(125) 7 (107) 7 (121) 
0-6 4 (75) 3 (83) 
Alprenolol 0-16 2 (400) 2 (400) 2 (400) 2 (400) 
0-6 0 0 0 0 
Timolol 0-16 0 0 0 1 (20) 
04 0 0 0 0 
Practololf 0-16 0 0 0 0 
0-6 0 1 (15) 0 0 
None 0-16 12 10 5 4 
0-6 4 3 0 1 


*From onset of chest pain to start of infusion. 
TGiven intravenously. 


о-о Placebo 
*—* Prostacyclin 
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Diastolic BP (mmHg) 


Heart rate (beats/min) 
з 8 


Before 24 48 72 96 
infusion Infusion period (h) 


Fig. 1 (а) Systolic and (b) diastolic blood pressure (BP) and 
(c) heart rate from 0-96 hours after the onset of intravenous 
infusion of prostacyclin (4—5 ng/kg/min) or placebo during 72 
hours in patients with acute myocardial infarction. 


Table 3 Cardiac stress index (expressed as the product of 
systolic blood pressure (mm Hg) and heart rate (beats/min)) 
before (day 0), during (day 1-3), and after (day 4) infusion of 
prostacyclin (4—5 ng/kg/min) or placebo in patients with acute 
myocardial infarction. Values are mean (SEM) 








Prostacyclin Placebo 
Day 0 11677 (1248) 11756 (1268) 
Day 1 10313 (896) 11647 (928) 
Day 2 10572 (770) 10437 (787) 
Day 3 9857 (519) 9172 (711) 

9307 (420) 9828 (S85) 


Table 4 Occurrence of congestive heart failure (CHF) 
among patients treated for acute myocardial infarction with 
prostacyclin or placebo. Figures are numbers of patients 





Prostacyclin Placebo 
Treatment of CHF: 
Before study 2 0 
After infusion 6 8 
Signs of CHF: 
ore study 7 3 
After infusion* 2 5 





* Additional patients. 
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Table 5 Occurrence of infarct extension, reinfarction, and 
deaths in patients with acute myocardial infarction treated with 
prostacyclin or placebo. Figures are numbers of patients 
——————————— —"iÓ 


Prostacyclin Placebo 
Extension of infarction (during 
the infusion) 0* 4 
Reinfarction (after the infusion) 2 0 
Deaths 0 1 


—————————— 
* Significant difference from the placebo group: (р< 0-05) (Fisher's 
exact test, one tailed). 


EXTENSION OF INFARCTION AND REINFARCTION 
Extension of the acute myocardial infarction, as evi- 
denced by a new episode of typical chest pain in con- 
junction with a new rise in plasma creatine kinase 
MB or creatine kinase activity, occurred during the 
infusion in three patients receiving placebo. In addi- 
tion, another patient receiving placebo, having 
improved clinically during the initial 24 hours of infu- 
sion, developed persistent pain for more than 12 
hours and a fatal ventricular rupture on day 2; this 
case was also regarded as an extension of the infarct. 
None of the patients receiving prostacyclin developed 
similar signs of infarct extension during the infusion 
(Table 5). This difference in infarct extension (4 vs 0) 
is significant (p- 0-05, Fisher's exact test, one tailed). 
From the end of the infusion until day 30, none of the 


ST elevation (mm) 
о N A Q о 





Fig.2 (a) QRS score and (b) sum of ST elevations in all 
patients with acute myocardial infarction infused with 
prostacyclin (4-5 ng/kg/min) or placebo during 72 hours and in 
patients receiving infusion within six hours (<6 h) after the onset 
of symptoms. Values are mean (SEM). 
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Fig. 3 Peak Е. РЕТ of (a) myocardial specific 
creatine kinase (CK-MB), (b) total creatine kinase (CK), 
(c) aspartate aminotransferase (ASAT) , and (d) lactate 
dehydrogenase (LD) in all patients with acute myocardial 
infarction treated with prostacyclin or placebo and in patients 
receiving infusion within six hours (<6 h) after the onset of 
symptoms.* p<0-05, significant difference from placebo group. 
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patients in the placebo group developed reinfarction. 
In the prostacyclin group, two patients developed a 
reinfarction in the same area as that injured initially 
(on day 6 and 21). 


LABORATORY FINDINGS 

Figure 2 shows the QRS score and sum of ST eleva- 
tions in the two groups. The QRS score was slightly 
but not significantly lower on all occasions in the 
patients receiving prostacyclin, both in the groups as a 
whole and in those receiving an infusion within six 
hours of the onset of symptoms. The sum of ST eleva: 
tions did not show any uniform pattern in the group 
as a whole but tended to be lower in the prostacyclin 
group in patients receiving an infusion within six 
hours of onset of symptoms. 

The maximum plasma activity of creatine kinase 
MB, creatine kinase, aspartate aminotransferase, 
and lactate dehydrogenase did not differ between the 
groups as a whole (Fig. 3). Nevertheless, in the 
patients who received an infusion within six hours of 
the onset of pain both plasma creatine kinase MB and 
lactate dehydrogenase activity was significantly 
(p«0-05 and 0-05 respectively) lower (Fig. 3). 

The time course of the release of enzymes in the 
patients receiving an infusion within six hours of the 
onset of pain was also determined (Fig. 4). During the 
first 24 hours of infusion the increase in creatine kin- 
ase MB activity was smaller in the prostacyclin group 
than in the placebo group, as was the increase in 
plasma lactate dehydrogenase activity (Fig. 4). The 
initial mean value did not differ between the groups, 
but the peak value was lower in the prostacyclin 
group. Interestingly, after the end of the infusion lac- 
tate dehydrogenase activity reached almost identical 


- values in the prostacyclin and the placebo groups. 





0 1 2 3 4 5 6 
Days 

Fig.4 Plasma enzyme activity in relation to time in patients with acute myocardial infarction given prostacyclin ( ) or placebo (О) 

within six hours after the onset of symptoms: (a) plasma activity of myocardial specific creatine kinase (CK-MB) immediately before 

(0 hours) and during thefirst 24 hours of infusion of prostacyclin or placebo and (b) plasma activity of lactate dehydrogenase (LD) їп 

the same patients in the basal state (day 0) and during the first six days after the onset of symptoms.** p<0-01, significant difference 

from prostacyclin group. 
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Discussion 


Patients receiving prostacyclin within six hours of the 
onset of symptoms had significantly lower maximum 
plasma activity of creatine kinase MB and lactate 
dehydrogenase than the placebo group. We regard 
these lower values for plasma creatine kinase MB and 
lactate dehydrogenase activity їп the prostacyclin 
group as indicating smaller infarcts among these 
patients compared with the placebo group. As evident 
from Fig. 3 the patients receiving early placebo infu- 
sion had higher maximum plasma creatine kinase 
MB, creatine kinase, aspartate aminotransferase, and 
lactate dehydrogenase activities than the group as a 
whole. This is probably because patients with larger 
infarctions—and hence higher maximum plasma 
enzyme values—experience more pronounced symp- 
toms and therefore present earlier. The proportion of 
patients with anterior wall infarctions was greater in 
the placebo group; whether or not this may have 
influenced the data cannot be judged at present. The 
proportion of patients taking beta blocking drugs was 
not higher in the prostacyclin group. Thus the 
observed difference in plasma enzyme activity be- 
tween the groups can hardly be explained by a more 
active beta blocking regimen in the prostacyclin 
group. À direct cardioprotective action of prostacyclin 
in acute myocardial infarction therefore seems pos- 
sible. 

In addition to the differences in maximum plasma 
creatine kinase MB and lactate dehydrogenase 
activities, the time courses of the plasma activity of 
these enzymes are notable. Thus the curve for 
creatine kinase MB activity in the prostacyclin group 
was flatter than in the placebo group. In addition, the 


peak of the plasma lactate dehydrogenase curve in 


patients infused with prostacyclin within six hours 
was lower than in those given placebo. Interestingly, 
the plasma lactate dehydrogenase values in the pros- 
tacyclin group were numerically lower during the 
entire infusion, approaching those in the placebo 
group after the infusion. 

Another important finding was that patients receiv- 
ing prostacyclin appeared to be protected against 
infarct extension during the infusion. This was evi- 
denced by a significantly lower incidence of infarct 
extension in patients réceiving prostacyclin than in 
those receiving placebo. The lower incidence of 
infarct extension seems to accord well with the 
observed lower maximum plasma creatine kinase MB 
and lactate dehydrogenase activities discussed above, 
in as much as they indicate that myocardium at risk at 
the onset of the infusion is protected by the active 
drug and, consequently, that enzyme release and a 
possible tendency to infarct extension are depressed. 
If this hypothesis is correct patients receiving pros- 
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tacyclin should run an increased risk of reinfarction 
after the infusion. The incidence of reinfarction 
tended to increase in the present group of patients 
receiving prostacyclin; two developed reinfarction 
after the infusion compared with none of the patients 
who had received placebo; the difference was, how- 
ever, not significant. 

A drug with vasodilative activity, like prostacyclin, 
can be expected to induce a decrease in peripheral 
vascular resistance and a reflex increase in cardiac 
output. The latter is certainly not desirable in acute 
myocardial infarction since the increase in cardiac 
output may require more dynamic work by the heart. 
In the present study prostacyclin did not affect blood 
pressure and heart rate more than placebo—that is, 
with the infusion rate limits applied in the present 
study the drug probably does not interfere appreci- 
ably with the central haemodynamics. Bradycardia 
was not a general finding in the placebo group, prob- 
ably because the patients were not routinely given 
beta blocking drugs during the acute phase. Further- 
more, prostacyclin did not induce cardiac failure or 
even aggravate signs of failure. In fact all patients in 
the placebo group with signs of cardiac failure before 
infusion also required treatment for this afterwards; 
in addition, five more patients in this group developed 
evidence of cardiac failure during the infusion. In 
contrast, of the seven patients in the prostacyclin 
group who had signs of cardiac failure before the infu- 
sion, three did not require treatment afterwards. 

Although the present study points to a beneficial 
effect of prostacyclin in patients with acute myocar- 
dial infarction, the possible underlying mechanism is 
unknown. Since a myocardial saving effect of pros- 
tacyclin is indicated in patients receiving treatment 
within six hours of the onset of symptoms some con- 
ceptually related postinfusion treatment (that is, 
treatment aimed to counteract platelet aggregation 
and formation of thromboxane A2) should be given 
that can keep salvaged myocardium in a metabolic 
condition that allows contractile work to be main- 
tained. In men with unstable angina aspirin has been 
shown to protect against acute myocardial infarction 
and death's; this drug should be effective also in the 
present situation, in which myocardium at risk may 
persist after the infusion of prostacyclin. 
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Submaximal exercise testing early after myocardial 


infarction 


Difficulty of predicting coronary anatomy and left 


ventricular performance 
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SUMMARY Impaired left ventricular function and extensive coronary artery disease are important 
determinants of prognosis after acute myocardial infarction. The ability of clinical and predischarge 
submaximal exercise test variables to predict multivessel coronary artery disease and impaired left 
ventricular function was assessed in 62 survivors of acute myocardial infarction. Abnormal exercise 
blood pressure response and short exercise performance were predictors of multivessel disease, but 
exercise induced ST segment changes and clinical variables were not. Q wave infarction, high 
grade Killip classification, and exercise induced ST segment elevation predicted statistically 
significant impairment of resting left ventricular function, whereas other clinical and exercise test 
variables did not. 

Exercise induced ST segment changes were therefore of little value in detecting extensive coro- 
nary disease, although exercise induced ST elevation was an indicator of poor resting left ventricular 
function. Although abnormal exercise haemodynamics may detect extensive coronary artery disease, 

. other physiological markers of reversible myocardial ischaemia are probably necessary to plan 


optimal management in these patients. 


The single most important predictor of adverse prog- 
nosis after myocardial infarction is a reduced left ven- 
tricular ejection fraction.!^? The presence of exten- 
Sive coronary artery disease may be an important 
independent predictor of cardiac complications in 
those patients with moderate rather than severe 
impairment of left ventricular performance.2~4 

We therefore analysed the ability of exercise testing 
early after infarction, together with simple clinical 
factors of known adverse prognostic significance, to 
predict left ventricular performance and coronary 
anatomy. The exercise test variables studied were 
those previously reported to define groups of patients 


at risk of subsequent complications: exercise induced, 


ST depression,>~7 inability to complete a submaximal 
exercise protocol? an abnormal blood pressure 
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response to submaximal exercise,? and exercise 
induced ST elevation.!? !: 


Patients and methods | 


STUDY GROUP 

The study group consisted of 62 patients (58 men, 
four women; age range 29-64 (mean 53-8) years) who 
had performed submaximal exercise tests between 7 
and 23 (mean 10-8) days after acute myocardial infarc- 
tion and in whom coronary anatomy was known. In 
60 patients coronary anatomy had been established by 
coronary arteriography and in two at necropsy. The 
study group. was derived from a total of 131 patients 
aged x65 years admitted to hospital between May 
1981 and August 1982 who fulfilled at least two of the 
following criteria: (а) typical chest pain lasting longer 
than 30 minutes; (6) increase in serum creatinine kin- 
ase and lactate dehydrogenase activity to more than 
twice the upper limit of the hospital normal ranges, 
with a typical evolutionary pattern on serial estima- 
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tions; and (c) evolutionary electrocardiographic 


changes. Q wave infarction occurred if the electrocar- 


diographic changes included the development of new 
Q waves of at least 0-04 s duration and >25% of the 
amplitude of the subsequent R wave and was 
classified as anterior if new Q waves occurred in any of 
leads I, aVL, V1 to V6 or as inferior if new Q waves 
occurred in at least two of leads II, III, or aVF. 

During the time this investigation was in progress 
43 patients with acute infarction did not undergo early 
exercise testing because of death in hospital (16), per- 
sistent heart failure (3), previous coronary artery 
bypass surgery (5), intractable angina requiring early 
surgery (2), various non-cardiac diseases (9), or 
patient inability or physician refusal to undertake 
exercise testing at this time (8). A further 26 patients 
with infarction performed the early exercise test but 
were not studied by cardiac catheterisation because 
they did not fulfil any of the indications for this 
procedure— namely: exercise induced ST depression, 
angina during follow up, or young age in asymptoma- 
tic patients. 

All the patients with exercise induced ST depres- 
sion underwent left ventricular angiography and 
coronary arteriography six weeks after infarction 
except for two who died before their planned readmis- 
sions. One of these, who had sustained inferior 
myocardial infarction, had severe widespread disease 
in all the major coronary arteries at postmortem 
examination and was included in the data analysis. In 
the other, who had both ST depression and elevation 
induced by submaximal exercise after anterior infarc- 
tion, necropsy was not performed. Twenty seven 
patients without exercse induced ST depression 
underwent left ventricular angiography and coronary 
arteriography (median time 6 (range 3-56) weeks) 
after acute myocardial infarction. Fourteen were 
investigated because of symptoms, and 13 asymp- 
tomatic patients (mean age 45-6 years) were investi- 
gated to aid prognostic assessment. À man who died 
suddenly six months after inferior infarction had 
severe multivessel coronary disease at necropsy and 
was included in the data analysis. No patient had 
recurrent myocardial infarction before angiography. 


EXERCISE TESTING 

Exercise testing was performed according to a modi- 
fied Naughton protocol!? using a constant treadmill 
speed of 2 mph, with the initial treadmill grade of zero 
increasing by 3-5% at the end of each two minute 
stage. This protocol is designed so that the oxygen 
consumption required increases by approximately one 
metabolic equivalent (about 3-5 ml/kg/min) with each 
two minute stage, starting with a workload of two 
metabolic equivalents. Twelve lead electrocardio- 


- grams were recorded at rest, at the end of each two 
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minute stage, immediately after exercise, and at one 
minute intervals thereafter for a minimum period of 
five minutes or until the resting electrocardiographic 
pattern had been regained. A three lead rhythm strip 
was recorded continuously throughout exercise and 
recovery periods. Cuff blood pressure was recorded at 
rest, at the end of each two minute stage during exer- 
cise, and at one and four minutes after termination of 
exercise. 

ST segment depression or elevation induced by 
exercise was defined as at least 0-1 mV depression or 
elevation of the ST segment respectively compared 
with the resting tracing, measured 0:06 s after the 
QRS complex in three consecutive complexes with a 
stable baseline. 

End points for the submaximal exercise tests were: 
eight minutes exercise, the workload of the final two 
minute stage being five metabolic equivalents; exceed- 
ing 7096 of the maximum predicted heart rate for age; 
induction of angina; undue fatigue or dyspnoea; 
induced ST segment depression of more than 0:5 mV; 
serious ventricular arrhythmias, or a fall in systolic 
blood pressure of 220 mm Hg from peak values dur- 
ing exercise. An inadequate blood pressure response 
to exercise was defined as an increase in systolic blood 
pressure of «10 mm Hg during exercise, with peak 
systolic blood pressure being «140 mm Hg, or a 
decrease in systolic blood pressure of 220 mm Hg 
during exercise.? 

At the time of exercise testing all the patients were 
ambulant without chest pain and free of clinical and 
radiological signs of heart failure. Heart failure during 
the acute infarction period that had subsequently 
resolved was not a contraindication to exercise testing. 

Normal drug treatment was continued on the day of 
the submaximal exercise tests. Ten of the 62 patients 
were receiving beta blocking agents: three were taking 
antihypertensive drugs before hospital admission and 
seven had beta blockade instituted in the periinfarc- 
tion period. Àn attempt was made to minimise any 
effect of this by performing exercise tests as long as 
possible after the last dose whether the frequency of 
dosage was once or twice daily. No patient was taking 
digitalis. 


CARDIAC CATHETERISATION 

Coronary arteriography and left ventriculography 
were performed using standard Sones techniques. 
Multiple coronary angiograms in planes of varying 
obliquity, including cranial caudal views in both right 
and left anterior oblique planes, were obtained. Coro- 
nary anatomy was assessed by agreement between two 
observers, at least one of whom did not know the 
outcome of the preceding exercise test. Stenotic 
lesions of >70% luminal diameter in one projection, 
or >50% in two or more projections, were considered 
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significant as these criteria are commonly used to 
assess the suitability of a vessel for coronary àrtery 
bypass grafting.!? Stenoses in major diagonal or 
obtuse marginal vessels were considered to constitute 
left anterior descending or left circumflex coronary 
artery disease respectively. Patients were classified 
according to the presence or absence of multivessel 
coronary disease—that is, significant stenoses in at 
least two of the three major coronary arteries— 
thereby avoiding some of- the problems of assessing 
the relative importance of two vessel and three vessel 
disease in patients with major individual variations in 
coronary anatomy. Left ventricular angiography was 
obtained in the 30? right anterior oblique plane and 
left ventricular ejection fraction determined by the 
area-length method!^ using a Vanguard XR 80 LV 
analyser. 


DATA ANALYSIS 

The relations between the presence of multivessel 
coronary disease and resting left ventricular ejection 
fraction and clinical and exercise test variables were 
determined. The clinical variables assessed were a his- 
tory of previous myocardial infarction, Killip 
classification!5 of the index infarction, and car- 
diomegaly, which required a cardiothoracic ratio of 
>50% on the predischarge chest x ray film. Differ- 


Table 1 Clinical and exercise test variables related to the 
presence or absence of multivessel coronary disease. Figures 
are numbers of patients (n—62) 











Present Absent 
Site of infarction: 
Anterior 14 6 
Inferior 22 7 
Non-Q wave 7 6 
Previous infarction 8 1 
Killip classification 
I or II 37 15 
III or IV 6 4 
ST depression: 
o! 
Present 25 9 
Absent 18 10 
After anterior infarction: к 
Ргезепї 4 2 
Absent 10 4 
After inferior infarction: 
Present 17 4 
Absent 5 3 
After non-Q wave infarction: 
Present 4 3 
Absent 3 3 
ST elevation: 
Present 15 5 
"Absent 28 14 
Inadequate blood pressure response: 
Present 18 1 
Absent 25 18** 
Inability to complete 5 metabolic equivalents: 
Yes 27 - 6 
No 16 13* 
*p« 0-05; **p<0-01. 
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Table 2 Left ventricular ejection fraction (LVEF), 
according to clinical and exercise test variables. Values are 
mean (SD) (n=60) 











LVEF(%) 

Site of infarction: 

Anterior (n=20) 47-9 (15:3) 

Inferior (n=27) 49-3 (12-0) 

Non-Q wave (n= 13) 59-5 (10-9)* 
Previous infarction: 

Yes (n=8) 53-0 (17:2) 

No (n=52) 50-7 (13-1) 
Cardiomegaly: 

Present (n= 13) 44-7 (15-7) 

Absent (n=47) 52:5 (12:8) 
Killip classification: 

Ior II (n=51) 52-4 (13-4) 

TI or IV (n=9) 43-8 (11-8)* 
Multivessel coronary disease: 

Yes (п=41) 50-5 (14-0) 

No (п=19) 52:2 (12-9) 
ST depression: 

Present (п=33) 50-8 (14-0) 

Absent (n=27) 50-6 (13-1) 
ST elevation: 

Present (n=20) 43-2 (13-3)** 

Absent (n=40) 54-9 (11-8) 
Inadequate blood pressure response: 

Present (n= 18) 48-4 (15:5) 

Absent (n=42) 52-2 (12-1) 
Inability to complete 5 metabolic equivalents: 

Yes (п=31) 48.7 150 

No (n=29) 53-4 (11:2) 
*p«0-05; **p<0-01. 


ences between the means of independent observations 
were assessed by Student's t test and the differences 
between proportions by the x? test with Yates's cor- 
rection. 


Results 


The only statistically significant predictors of mul- 
tivessel coronary disease among the clinical and exer- 
cise test variables were an abnormal blood pressure 
response to submaximal exercise or limited effort 
capacity (Table 1). There was a trend towards mul- 
tivessel disease in patients with previous myocardial 
infarction and in those with exercise induced ST 
depression after inferior myocardial infarction, which 
did not reach statistical significance. Exercise induced 
ST depression was a poor predictor of multivessel dis- 
ease overall, as was exercise induced ST elevation. 

О wave infarction and high grade Killip 
classification were the clinical variables which were 
significantly associated with reduced left ventricular 
ejection fraction (Table 2). Of the exercise test vari- 
ables, only exercise induced ST elevation predicted 
poor resting left ventricular function (Table 2). 
Patients with multivessel coronary disease did not 
have worse left ventricular function as a group than 
those who did not. 

Twenty nine of the 34 patients who had exercise 
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induced ST depression had this change confined to 
leads other than those which: showed ischaemic 
changes during the evolution of the acute infarction if 
transient ST depression in remote leads is considered 
reciprocal and not primarily ischaemic in origin. Con- 
versely, all 20 patients with exercise induced ST ele- 
vation had this change induced in leads with acute 
infarction changes. Of these 20 patients with exercise 
induced ST elevation, 16 had anterior and four 
inferior infarction, and in 18 of the 20 exercise 
induced ST elevation was confined to leads bearing Q 
waves. 

None of the 10 patients receiving beta blockers had 
exercise limited by excessive heart rate response. 
Nevertheless, the proportions of patients who had 
other exercise test variables were similar to those of 
patients not receiving beta blockers: limited by angina 
(1096 vs 8%) or fatigue (20% vs 10%), exercise induced 
ST depression (40% vs 58%) or elevation (20% vs 
35%), and inadequate blood pressure response (20% 
vs 33%). None of these differences was significant. 


Discussion 


There is a high prevalence of extensive coronary 
artery disease in survivors of acute myocardial infarc- 
tion. We have shown that ST depression induced by a 
submaximal exercise test before hospital discharge 
after acute myocardial infarction was a poorer indi- 
cator of the presence of multivessel coronary disease 
than previously reported.!9167!9 Clinical variables 
were similarly poor predictors of multivessel coronary 
disease. An abnormal haemodynamic response to 
submaximal exercise in the form of limited effort 
capacity or an abnormal exercise blood pressure 
response predicted multivessel disease. Importantly, 
however, the absence of an abnormal haemodynamic 
exercise response was not a good indicator of the 
absence of multivessel disease. When resting left ven- 
tricular ejection fraction was considered, Q' wave 
infarction and high grade Killip classification were 
clinical factors which were statistically significant 
predictors of impaired left ventricular function. A 
reduced resting left ventricular ejection fraction was 
also associated with exercise induced ST elevation but 
not exercise induced ST depression nor other exercise 
variables. 

Patients in this series were consecutive survivors of 
acute myocardial infarction who had ST depression 
induced by early submaximal exercise testing or 
whom were investigated because of symptoms or 
young age. Ideally, the coronary anatomy would be 
investigated in every patient who survived myocardial 
infarction, but this is clearly difficult on many 
grounds, and studies of the type we report here are 
confined to selected series.!° 1671? The prevalence of 
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multivessel disease among our patients was very simi- 
lar to that in other reported ѕегіеѕ,* 292! and it is 
unlikely that differences between our findings and 
those of other workers can be attributed to different 
proportions of patients with multivessel disease. 

It is also of interest that the incidence of angina, ST 
depression, fatigue, and abnormal blood pressure 
changes with exercise was similar in a small group of 
patients receiving beta blockers and in the remaining 
patients. We therefore consider it is unlikely that the 
results can be explained by differences in medication, 
either within our own series or by comparison with 
other published results. 


CORONARY ANATOMY 

Exercise testing early after myocardial infarction has 
been used to predict the presence of multivessel coro- 
пагу disease.!°'6-!9 Each of these studies has 
reported results in selected populations: survivors of 
uncomplicated infarction,!6 1719 consecutive patients 
fulfilling specified criteria but an undefined propor- 
tion of the total number of patients with acute 
myocardial infarction,!? and non-consecutive patients 
who were investigated by coronary arteriography to 
assess postinfarction angina or “то assess the extent of 
coronary disease and left ventricular performance." !8 
Criteria for a positive exercise test, and hence a pre- 
dictor of multivessel disease, have included ST seg- 
ment depression alone,!? ST depression or exercise 
induced angina or both,!? 17 18 or inability to complete 
a very low workload exercise test protocol because of 
the occurrence of angina, ST segment changes, or 
ventricular arrhythmias.! In this series, if exercise 
induced ST depression early after myocardial infarc- 
tion was considered a positive exercise test result for 
the detection of multivessel coronary disease predic- 
tive values of positive and negative tests were lower 
than previously reported (Table 3). Several factors 
might explain this difference. Dillahunt and Miller 
excluded patients unable to complete their low work- 
load treadmill protocol for “non-cardiac reasons."'!6 
Survivors of inferior myocardial infarction, the site in 
which exercise induced ST depression may be most 


Table3 Comparison of predictive values of positive and 
negative exercise tests for the prediction of multiple vessel 
coronary disease 








No of Posinve* Negative 

patens (%) (%) 
Dillahunt and Miller 19791 28 76 73 
Schwartz et al 198119 48 90 42 
Fuller et al 198117 40 87 72 
Starling et al 198118 57 88 69 
Akhras et al 198219 61 98 88 
Present study 62 74 36 


——— 


*See text for definition. 


184 


sensitive for detecting multivessel disease, comprised 
more than half the total number of patients (21/40) 
reported by Fuller et al. 17 Nearly a third (15/48) of the 
patients described by Schwartz et al had sustained 
non-Q wave infarction and nearly a quarter (5/21) 
of their positive exercise tests were so described 
because of exercise induced angina, without induced 
ST depression.!? The importance of exercise induced 
angina for detecting multivessel coronary disease was 
stressed by Starling et al. 18 Their predictive accuracy 
for submaximal exercise detection of multivessel dis- 
ease was 8296 if exercise induced ST depression or 
angina was considered positive but fell to 6096 if ST 
depression alone was analysed. Nevertheless, this dif- 
ference in the definition of a positive exercise test 
would not have altered our results because only five of 
our 62 patients had angina induced by submaximal 
exercise, all of whom also had exercise induced ST 
depression. The most impressive correlation between 
a positive exercise test early after myocardial infarc- 
tion and multivessel coronary disease has been that of 
Akhras et al.!? Their young survivors of uncompli- 
cated infarction performed a symptom limited, rather 
than submaximal, exercise test a mean time of two 
weeks after the acute infarction. А positive test 
required exercise induced ST depression of at least 
0-15 mV. The use of a symptom limited exercise test 
protocol may have contributed to the very high accu- 
racy of their exercise tests in predicting multivessel 
disease, although heart rate limited and symptom 
limited exercise tests conducted early after acute 
myocardial infarction have a similar yield of exercise 
induced ST depression.?? As these authors themselves 
point out!? it may not be appropriate to extrapolate 
their results to all survivors of acute myocardial 
infarction. 

There are usually major persisting electrocardio- 
graphic abnormalities after acute myocardial infarc- 
tion. In our patients exercise induced ST depression 
occurred predominantly in leads other than those 
which showed evolutionary changes of acute myocar- 
dial infarction. As the anterior wall of the heart is the 
area which is best mapped by the standard 12 lead 
electrocardiogram this may explain why exercise 
induced ST depression occurred more often after 
inferior infarction than after anterior infarction. 

Advocates of the non-invasive prediction of multi- 
vessel coronary disease early after myocardial infarc- 
tion suggest that this affords a method of selecting 
patients for early coronary arteriography,!9 1771? pre- 
sumably as a prelude to coronary artery bypass 
surgery in those with suitable anatomy. Akhras et al 
suggest that the same criteria for selecting patients for 
surgical revascularisation should be used after infarc- 
tion as in patients with angina,!? in whom surgery 
may offer improved prognosis in the presence of three 
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vessel coronary artery disease.!? Nevertheless, this 
last multicentre study included patients who were not 
only symptomatic but had left ventricular ejection 
fractions 75096, thereby excluding any patient with 
significant left ventricular damage and many with 
preceding myocardial infarction. Therefore, the ben- 
efits of surgical treatment in survivors of myocardial 
infarction with multivessel disease who have greater 
impairment of left ventricular function remain uncer- 
tain.! 


LEFT VENTRICULAR PERFORMANCE 

Exercise induced ST elevation was a poor predictor of 
multivessel coronary disease. Mean resting left ven- 
tricular ejection fraction was, however, significantly 
lower in the group of patients with ST elevation 
induced by submaximal exercise but not in the group 
with exercise induced ST depression. Similar results 
have been reported.!? Nevertheless, a reduced resting 
left ventricular ejection fraction has also been found in 
patients with exercise induced ST depression.!? The 
importance of ST elevation induced by exercise after 
myocardial infarction is controversial,?? 24 but it may 
be an indicator of an increased probability for future 
complications.!? !! 'The lower left ventricular ejection 
fractions in our patients with exercise induced ST ele- 
vation suggest that this group of patients has more 
extensive myocardial damage and this may result in a 
worse prognosis. Аз left ventricular ejection fraction 
was similar in each of the two groups who had sus- 
tained either anterior or inferior infarction, it seems 
unlikely that exercise induced ST elevation was 
merely a marker of anterior infarction, although it 
occurred predominantly in this group. 

Ап abnormal blood pressure response to submaxi- 
mal exercise early after myocardial infarction is 
reported to predict multivessel disease in association 
with reduced left ventricular ejection fraction.!8 
Using the same definition of inadequate blood pres- 
sure response to exercise and a similar exercise pro- 
tocol, we found that this variable predicted multives- 
sel coronary disease but could not confirm a lower 
resting left ventricular ejection fraction of statistical 
significance in this group, although there was a trend 
in this direction. Inability to complete the submaxi- 
mal exercise protocol predicted multivessel coronary 
disease in our patients, together with a trend towards 
greater impairment of resting left ventricular func- 
tion. We did not measure left ventricular ejection 
fraction during exercise. This is more likely to corre- 
late with poor exercise performance than variables 
measured at rest. The association of extensive coro- 
nary artery disease with abnormal exercise 
haemodynamic response is consistent with reports 
that poor exercise duration and abnormal blood pres- 
sure response to exercise early after infarction may be 
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of adverse prognostic significance. 25 


CLINICAL IMPLICATIONS 

It has been suggested that a suitable screening proce- 
dure to select those survivors of acute myocardial 
infarction who should undergo coronary arteriogra- 
phy might be the performance of an exercise test early 
after infarction, followed by gated blood pool imaging 
in those who have ST depression induced by exercise, 
to exclude those with severe left ventricular damage 
from invasive investigation.?9 Our data suggest that 
exercise testing based on ST segment changes is a 
poor predictor of multivessel coronary disease unless 
haemodynamic factors are considered. Even then a 
large proportion of survivors of acute myocardial 
infarction with multivessel disease will not be 
detected. It is unlikely, however, that survivors of 
myocardial infarction with multivessel disease and 
similar degrees of resting left ventricular functional 
impairment have a uniform prognosis. It may be more 
appropriate to use other physiological measurements, 
such as thallium scintigraphy,?7 which are more 
specific detectors of reversible regional myocardial 
ischaemia to determine prognosis and select appropri- 
ate surgical or medical management or both. 


IDS was supported by the National Heart Foundation 
of New Zealand. 
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Morphology of ambulatory ST segment changes in 
patients with varying severity of coronary artery disease 
Investigation of the frequency of nocturnal ischaemia and 
coronary spasm 


ARSHED A QUYYUMI, LORNA MOCKUS, CHRISTINE WRIGHT, KIM M FOX 
From the National Heart Hospital, London 


SUMMARY The frequency and magnitude of objectively determined myocardial ischaemia during 
normal daily activities of patients with varying severity of coronary artery disease are unknown. 
Furthermore, the incidence of nocturnal resting myocardial ischaemia and frequency of coronary 
spasm in patients with normal coronary arteries and chest pain are also not known. One hundred 
consecutive patients with chest pain referred for coronary angiography were therefore investigated 
with exercise testing and ambulatory ST segment monitoring. Fifty two of 74 patients with 
significant coronary artery disease and six of 26 with no significant coronary narrowing had episodes 
of ST segment change during 48 hours of ambulatory monitoring. Two patients, one with normal 
coronary arteries and localised spasm and one with three vessel disease, had episodes of ST segment 
elevation, whereas all other patients had episodes of ST segment depression. The frequency, dura- 
tion, and magnitude of ST segment changes were greater in patients with more severe types of 
coronary artery disease. Thus more than six episodes of ST segment change per day occurred in 
patients with two or three vessel disease or left main stem stenosis and in the only patient with 
coronary spasm and normal coronary arteries. Nocturnal ischaemia occurred in 1596 of patients with 
coronary artery disease and was almost an invariable indicator of two or three vessel coronary artery 
disease or left main stem stenosis. Episodes of ST segment change occurred most commonly during 
the morning hours and least commonly during the night, in parallel with changes in basal hourly 
heart rates. The heart rate at the onset of ST segment change tended to be lower in patients with 
coronary artery disease than in those with normal coronary arteries. The duration of exercise to ST 
segment depression tended to be shorter in patients with more severe disease, but it could not 
predict patients with nocturnal myocardial ischaemia, left main stem stenosis, or coronary spasm, 
whereas ambulatory ST segment monitoring was able to identify most of these patients. 


Several non-invasive techniques have been used in 
clinical practice for diagnosing the presence and sever- 
ity of coronary artery disease.!? А typical history of 


chest pain and an abnormal resting electrocardiogram. 


are sometimes sufficient to diagnose the presence of 
coronary artery disease, but its severity cannot be 
determined by this means. Exercise testing and 
radioisotope imaging have been used to determine the 
presence of disease in those patients in whom the his- 
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tory is atypical and the resting electrocardiogram 
normal.!^? Exercise testing also determines the func- 
tional consequence of coronary artery disease, and 
radioisotope scanning provides an index of the size of 
the ischaemic myocardium, but the severity of under- 
lying coronary artery disease often cannot be deter- 
mined.!4 Ambulatory electrocardiographic ST seg- 
ment monitoring has been used in several recent 
studies? 14 to identify the frequency of myocardial 
ischaemia in patients with coronary artery disease, but 
the type and extent of these changes in patients with 
differing severity of coronary artery disease have not 
been fully evaluated. 
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Morphology of ambulatory ST segment changes in patients with varying severity of coronary artery disease 


Improvements in the recording and reproduction of 
low frequency signals in ambulatory electrocardio- 
graphic systems! have provided an opportunity to 
study ST segment changes in different groups in the 
population. This study was designed to investigate in 
detail the frequency, duration, magnitude, and mor- 
phology of ST segment shifts in consecutive patients 
undergoing diagnostic coronary arteriography. We 
determined the frequency of daytime and nocturnal 
rest angina and of coronary artery spasm in patients 
with significant coronary artery disease. We also 
studied the relation between heart rate changes and 
the onset of ST segment shifts during ambulatory 
monitoring and compared them with heart rate 
changes at the development of ST segment depression 
during conventional exercise testing. 


Patients and methods 


STUDY POPULATION 

We studied 100 (74 men, 26 women; mean (SD) age 
53-2 (9) years) consecutive patients with chest pain 
undergoing diagnostic coronary arteriography who 
were referred to one consultant cardiologist at this 
hospital between June 1982 and March 1983. Patients 
with atrial fibrillation, severe conduction defects on 
the electrocardiogram, gross left ventricular hyper- 
trophy, those taking digoxin, and those with severe 
valvar heart disease were excluded. The duration of 
chest pain was «3 months in seven patients, 2-12 
months in 16, and >1 year in 77. Ninety one patients 
complained of chest pain which was considered typi- 
cal of angina pectoris and nine had atypical chest pain. 
А history of previous myocardial infarction with elec- 
trocardiographic evidence of Q waves or extensive loss 
of R wave was present in 27 patients, and a further 21 
patients had ST-T wave abnormalities on the resting 
electrocardiogram. Informed consent was obtained 
from all patients. 


STUDY PROTOCOL 

After admission to hospital, all the patients antiangi- 
nal medications were withdrawn for a period of 48 
hours before investigations were started. Glyceryl 
trinitrate was given for pain. Patients were encour- 
aged to be mobile around and outside the hospital 
during the period of the study unless they were 
experiencing frequent chest pains with minimal activ- 
ity. Forty eight hour ambulatory monitoring and 
exercise testing were performed, and angina diaries 
were kept by all patients. 


AMBULATORY MONITORING 

А two channel recording was obtained using two pairs 
of bipolar electrodes which were applied precordially. 
In all patients one channel recorded lead CM5 with 
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the indifferent electrode over the manubrium and the 
exploring electrode in the precordial 5 position. The 
other channel recorded inferior changes resembling 
aVF in 35 patients with the exploring electrode at the 
xiphisternum and the indifferent electrode at the left 
sternoclavicular joint; in the other 65 patients the sec- 
ond channel recorded inferior forces by an arrange- 
ment in which the indifferent electrode was placed on 
the right of the manubrium and the exploring elec- 
trode over the left iliac fossa: the appearances resem- 
ble those seen in lead II. In all patients, a ground 
electrode was placed over the lower ribs on the right. 
Electrode jelly and gauze were used initially to abraid 
the skin until a sufficiently low skin impedance read- 
ing was obtained using an Oxford X]-1 electrode 
impedance tester. Monitor leads were attached to the 
electrodes (Red Dot 3M) and secured with adhesive 
tape. А 24 hour, two channel recording was then 
obtained on magnetic tape using a frequency modu- 
lated recorder (Oxford Medilog 2, frequency response 
0-05—40 Hz). The tapes were then visually analysed at 
60 times normal speed (Oxford Medilog MA20 scan- 
ner) and the areas of interest printed out at 25 mm/s. 

Significant ST segment depression was defined as 
planar or downsloping shift of the ST segment of =1 
mm in magnitude measured 0-08 s after the J point 
and persisting for at least 30 s. Significant ST segment 
elevation was defined as an upward shift of the ST 
segment of =1 mm in magnitude at the J point com- 
pared with the resting recording. At the beginning of 
each recording in 50 patients, the electrocardiogram 
was recorded with the patient in various positions, 
including standing, sitting, lying, supine, and in the 
left and right lateral positions, and after hyperventila- 
tion. None of the patients developed significant ST 
segment depression with changes of posture, but T 
wave changes occurred commonly and changes in T 
wave vector were not regarded as evidence of myocar- 
dial ischaemia unless they were also accompanied by 
significant ST segment shift. The electrocardiogram 
immediately preceding ST segment change, at the 
onset of ST segment change, and at the time of chest 
pain was printed out and heart rate measurements 
were made. 


ANGINA DIARIES 

Patients were instructed to keep diaries during the 48 
hour monitoring period, during which they noted the 
time of onset and severity of chest discomfort and the 
activity at the time of pain. Ап event button was also 
pressed at the time of the onset of chest pain, which 
marked the magnetic tape so that the electrocardio- 
graphic playback would automatically display the 
electrocardiogram at that time. 


EXERCISE TESTING 
Exercise testing was performed in 99 of the 100 
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patients on a treadmill according to the modified 
Bruce protocol. Twelve lead electrocardiograms were 
recorded before and at the end of every three minutes 
during the test. More frequent recordings were made 
if the patient developed chest pain, hypotension, or 
significant ST segment depression. Blood pressure 
was measured with a mercury sphygmomanometer. 
The test was considered positive if there was ST seg- 
‘ment depression ofz1 mm in magnitude which was 
planar or downsloping and persisted for 0-08 s after 
the J point. One patient was having frequent pain at 
rest with ST segment changes and was therefore not 
exercised. Maximal exercise tests were performed 
using a treadmill during which exercise was limited by 
the appearance of chest pain, dyspnoea, fatigue, mul- 
tiple ventricular extrasystoles, or hypotension. 


ANGIOGRAPHY 

Contrast left ventriculography and coronary arterio- 
graphy were performed to obtain five views of the left 
coronary and at least two views of the right coronary 
arteries. The angiograms were reported indepen- 
dently by the radiologists, who were unaware of the 
results of other investigations. А significant lesion was 
defined as luminal narrowing in one or more of the 
major coronary arteries of 27096 in magnitude. Left 
main stem stenosis was classed as two vessel disease. 
Five patients with normal coronary arteries had 
ergonovine provocation in which a mean dose of 0-6 
mg was given intravenously and the angiograms were 
repeated. 


Results 


AMBULATORY ST SEGMENT MONITORING AND 
SEVERITY OF CORONARY ARTERY DISEASE 

Of the 100 patients monitored, 58 developed 294 
episodes of reversible ST segment changes during 
each 24 hour period of ambulatory monitoring. Five 
patients had no significant coronary artery disease at 
angiography, one had normal coronary arteries and 
localised spasm induced at angiography, and 52 had 
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varying severity of coronary artery disease (Table 1). 
Fifty six patients developed episodes of reversible ST 
segment depression only, whereas two had episodes of 
ST segment depression and elevation. The number of 
episodes of ST segment change varied from 1 to 66 in 
a 48 hour period and the duration varied from 2 
minutes to 16 hours 40 minutes. The maximum mag- 
nitude of ST segment depression varied between 1 
and 5 mm and ST segment elevation between 1 and 6 
mm. 


STSEGMENT CHANGESIN RELATION TO SEVERITY 
OF CORONARY ARTERY DISEASE 

One patient with three vessel disease and one with 
normal coronary arteries and localised coronary spasm 
in the left circumflex coronary artery had episodes of 
ST segment elevation and depression during 
ambulatory monitoring. All other patients had 
episodes of ST segment depression only. The fre- 
quency and duration of episodes of ST segment 
change were generally greater in patients wiih more 
severe coronary artery disease (Table 1). Patients with 
no significant coronary artery disease or coronary 
spasm had 2 (1-6) episodes lasting 44 (57) minutes per 
24 hours compared with patients with three vessel 
disease who had 7-3 (9:2) episodes of ST segment shift 
lasting 99 (119) minutes per day. These differences 
were, however, not statistically significant (Table 1, 
Fig. 1). Patients with more than six episodes of ST 
segment change in a day had two or three vessel dis- 
ease or spasm with normal coronary arteries (Fig. 1). 
Indeed, 2096 of all patients with two or three vessel 
disease had more than six episodes of ST segment 
change during a 24 hour period. The duration of ST 
segment change and the maximum magnitude of ST 
segment depression also tended to increase with 
increasing severity of coronary artery disease (Table 
1), but differences between the groups were not statis- 
tically significant. Seven patients with left main stem 
stenosis were studied. Six of these patients also had 
stenoses in the right coronary artery. The number of 
episodes and the duration of ST segment changes in 


Table 1 Е requency, duration, and magnitude of the episodes of ST segment change during ambulatory electrocardiographic. 
monitoring in 100 patients with varying severity of coronary artery disease and nocturnal angina. Values are mean (SD) 








Coronary artery disease Nocturnal angina 
Not significant Spasm only 1 vessel 2 vessel 3 vessel Left main stem 
' stenosis 
Total No of patients 25 1 22 22 30 7 12 
With ST segment changes 
906 . 5 (19) 1 11 (50) 17 (77) 24 (80) 7 (100) 12 (100) 
Total No of episodes 2 (1-6) 1-8 2-9 (1-9) 3-7 (4-4) 7-3 (9:2) 17 (13) 12 (8-6) 
Duration of episodes 44 (57) 7 (4 63 (52) 59 (73) 99 (119) 174 (65) 3-8 (1-6 
Mean maximum ST change 
(mm) 1-5 (0-5) 1-6 (0-5) 1-1 (0-3) 25 (1-1) 2-3 (1:5) 3-8 (1:6) 3-4 (1-4) 


Morphology of ambulatory ST segment changes in patients with varying severity of coronary artery disease 
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Fig. 1 Frequency of transient ST segment changes (number of 
episodes) in patients with (a) no significant disease, (b) one vessel 
disease, (c) two vessel disease, and (d) three vessel disease. 


these patients tended to be greater than in any other 
group of patients (Table 1). Six of the seven patients 
with left main stem stenosis also had nocturnal ST 
segment changes. 


NOCTURNAL ST SEGMENT CHANGES 

Twelve patients with nocturnal ST segment changes 
were identified during ambulatory monitoring. A 
mean of 2-8 (1-8) episodes of ST segment shift occur- 
red between midnight and 06.00 in this group of 
patents. These patients also had more frequent 
episodes of ST segment change (12 (8-6)) during the 
daytime when compared with any individual coronary 
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artery disease group (Table 1). Nine patients had 
three vessel disease, two had two vessel disease, of 
whom one had left main stem stenosis, and only one 
had normal coronary arteries and confirmed coronary 
spasm. Both patients with episodes of ST segment 
elevation had nocturnal episodes. The duration and 
magnitude of the episodes of ST segment change in 
patients with nocturnal angina were also greater when 
compared with individual coronary artery disease 
groups (Table 1). All patients with coronary artery 
disease and nocturnal angina who were exercised had 
positive exercise tests at low workloads (Table 2). 
Seven patients developed significant ST segment 
depression within three minutes and three within six 
minutes of exercise (mean 2-8 (1-1) minutes) (Table 
3). . 


HEART RATE RELATION TO ST SEGMENT CHANGES 
The heart rate at the onset of the episodes of ST seg- 
ment change was also measured (Table 3). There was 
a wide variation in the heart rate at the onset of ST 
segment depression between episodes in the same 
patient and also between patients with the similar sev- 
erity of coronary artery disease. The mean heart rate 
before ST segment depression occurred tended to be 
higher (123 (10) beats/min) in the five patients with 
normal coronary arteries than in those patients with 
coronary artery disease (101 (12) beats/min) (NS). 
There was no significant difference between the mean 
heart rates at the onset of ST segment depression in 
patients with one, two, and three vessel disease (Table 
3) (mean range 99-105 beats/min). Nevertheless, 
patients with left main stem stenosis and those with 
nocturnal angina tended to develop ischaemia at rela- 
tively lower mean heart rates of 89 and 91 beats/min 
(Table 3) respectively. 

The distribution of the episodes of ST segment 
change during the day and night in patients with 
coronary artery disease was also investigated (Fig. 2). 
Most of the episodes of both painful and painfree ST 
segment changes occurred during the morning and 
early afternoon. Relatively fewer episodes occurred in 
the evening, and the fewest episodes occurred at 
night. The diurnal variation in the mean hourly heart 
rates in 15 patients with no significant coronary artery 


Table2 Duration of exercise tests to 1 mm ST segment depression in patients with varying severity of coronary artery 


disease and nocturnal angina. Figures are numbers of patients 








Duration of exercise Coronary artery disease 
(mins) 
Not significant Spasm only 1 vessel 

3 0 0 3 

4—6 2 0 4 

7—9 1 0 4 

>9 2 0 2 
Negative test 20 1 9 


Nocturnal angina 
2 vessel 3 vessel Left main 
stenosis 

4 14 4 7 
9 8 2 3 
3 I 0 0 
1 0 0 0 
5 6 0 1 
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Table 3 Heart rate at the onset of episodes of ST segment changes during ambulatory electrocardiographic monitoring in 
relation to the duration of exercise to and heart rate at the onset of 1 mm ST segment depression during exercise testing in 
patients with varying severity of coronary artery disease and nocturnal angina. Values are mean (SD) 


——————————————————————————————————— 


Coronary artery disease 


Noctumal 





angina 
Not significant Spasm only 1 vessel 2 vessel 3 vessel Left main stem 
stenosis 
Total No of patients 26 1 22 22 30 7 12 
Ambulatory monitoring 
No with episodes (96) 5 (19) 1 11 (50) 17 (77) 24 (80) 7 (100) 12 (100) 
Heart rate at onset of episódes 
(beats/min) 123 (10) 87 (10) 99 (16) 105 (13) 99 (14) 89 (14) 91 (13) 
Exercise testing 
Exercise duration to ST 
depression (mm) 9 (2:7) — 54 (2-5) 5.5 (2:3) 3-9 (1:8) 2:6 (1-2) 2:8 (1-1) 
(n=6) (n=13) (n= 16) (n=22) (n=6) (n= 10) 
Heart rate at | mm ST 
depression (beats/min) 136 (16) — 124 (25) 114 (22) 109 (19) 99 (16) 100 (10) 
(п=6) (n= 13) (п= 16) (п=22) (n=6) (n= 10) 


—, negative 

disease and 15 with frequent ST segment depression 
shows that the mean heart rate is higher during the 
morning and early afternoon compared with the 
evening and is lowest at night (Fig. 3). 


COMPARISON WITH EXERCISE TESTING 

Table 3 shows the mean duration of exercise before 
significant ST segment depression occurred in 
patients who had ST segment changes during 
ambulatory ST segment monitoring. The duration of 
exercise to significant (1 mm) ST segment depression 
was shorter in patients with more severe coronary 
artery disease (left main stem stenosis, nocturnal 
angina, and three vessel disease) compared with 
patients with less severe coronary disease. These dif- 
ferences were, however, not statistically significant. 
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Fig.2 Diurnal variation in the number of episodes of transient 
ST segment change in 73 consecutive patients over 24 hours. 


08-00 


The mean heart rate at the time of 1 mm ST seg- 
ment depression tended to be higher in patients with 
no significant coronary artery disease (136 beats/min) 
when compared with patients with coronary artery 
disease (113 beats/min) (not statistically significant). 
Patients with relatively severe disease, left main stem 
stenosis and three vessel disease, had a lower heart 
rate threshold at which significant ST segment de- 
pression occurred during stress testing (Table 3). 
Patients who had a very low threshold to ST segment 
depression during the exercise tests had more fre- 
quent episodes of ST segment depression, which also 
lasted longer (Table 4); although the differences were 
not statistically significant. All 40 patients who 
developed 1 mm ST segment depression during the 
first six minutes of exercise had episodes of ST seg- 
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Fig. 3 Diurnal variation in the mean hourly heart rate in 15 
patients with normal coronary arteries (O) and 15 patients with 
frequent angina pectoris (©). 
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Table 4 Presence, frequency, and duration of ambulatory ST 
segment changes in patients with coronary artery disease (CAD) 
and positive exercise tests (1 mm ST segment depression) 





No of patients with CAD 20 20 8 2 
Duration of exercise to 

1 mm ST depression (min) <3 46 7-9 10-12 
No of episodes of ST change 7-6 (8) 28(22) 1(1:3) 0 
Duration of episodes (min) 132 (124) 38 (35) 33 (50) 0 
No of patients with no 

ambulatory ST segment 

changes 0 0 2 2 


ment change during ambulatory monitoring. In con- 
trast, four patients with exercise tests becoming posi- 
tive after nine minutes (stage III of the modified 
Bruce protocol) had no episodes during ambulatory 
ST segment monitoring (Table 4). 

A majority of patients (8696) with a positive exercise 
test within three minutes of the modified Bruce pro- 
tocol had two or three vessel coronary artery disease, 
but only 3596 of patients with such disease had a posi- 
tive test at this low workload (Table 2). Only seven of 
the 11 patients with frequent nocturnal ischaemia dur- 
ing ambulatory monitoring had an exercise test which 
was positive within three minutes and one had a nega- 
tive exercise test. Whereas all the patients with left 
main stem stenosis who were exercised had a positive 
stress test, only four of the six developed significant 
ST segment depression within the first three minutes 
of exercise. 


Discussion 


Abundant laboratory and clinical evidence now exists 
to show that shifts in the ST segment on the elec- 
trocardiogram in patients with coronary artery disease 
represent episodes of myocardial ischaemia, whether 
or not these episodes are associated with pain.1® 18 
Changes in the ST segment accompanying myocardial 
ischaemic events have been recorded under controlled 
conditions such as at rest or during exercise testing for 
many years. Ambulatory electrocardiographic ST 
segment changes have been capable of accurate and 
reliable recording and reproduction only since the 
advent of recorders with an adequate low frequency 
response!5 (0-05 Hz<3 db down). A few studies have 
been conducted to detect the occurrence of ST seg- 
ment changes in patients with chest pain,’ 8 14 those 
with a positive exercise test,!? !3 and those with vary- 
ing severity of coronary artery disease.? !? Neverthe- 
less, none of these studies included consecutive 
patients, and the patients studied were highly 
selected. By studying consecutive admissions we have 
been able to determine the true incidence of daytime 
angina, nocturnal rest angina, and coronary artery 
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spasm with normal coronary arteries in the population 
of patients referred to one hospital. This has enabled 
us to determine the implications of the varying fre- 
quency and duration of ST segment changes observed 
during ambulatory monitoring in relation to findings 
at coronary arteriography and during conventional 
exercise testing. 

The results of monitoring 73 consecutive patients 
with significant coronary artery disease show that the 
number and duration of episodes of ST segment 
change increase with increasing severity of the under- 
lying. disease, but there is a substantial overlap be- 
tween the groups. Myocardial ischaemia occurred 
more frequently during the daytime than during the 
evening and night (Fig. 2). The diurnal variation in 
the averaged hourly heart rate in 15 patients with the 
most frequent episodes of ST segment changes (Fig. 
3) did not differ significantly from that in patients 
with normal coronary arteries. The close correlation 
between the basal heart rate changes and the fre- 
quency of myocardial ischaemia during the day and at 
night highlights the importance of underlying changes 
in metabolic demand in the development of myocar- 
dial ischaemia during daily life. This has been 
confirmed in a recent study comparing atenolol with 
pindolol in patients with angina pectoris.!? Suppres- 
sion of basal heart rate with the former drug reduced 
the ischaemic episodes significantly when compared 
with pindolol, which did not reduce basal heart rate as 
a result of intrinsic sympathomimetic activity. 

The importance of heart rate changes at the onset of 
myocardial ischaemia has also been shown: the mean 
heart rate before the onset of ST segment depression 
was (101 (12) beats/min) higher than the basal heart 
rate during any time of the day or night (Fig. 3). By 
performing an analysis of momentary changes in the 
heart rate before the onset of ST segment depression, 
we have shown that there are invariably small but 
significant increases in heart rate before the onset of 
ST segment depression in patients with obstructive 
coronary artery disease.2° It must be emphasised that 
different magnitude of increases in heart rate precede 
episodes of ST segment change in individual patients 
and in patients with similar severity of coronary artery 
disease. Although these findings indicate the impor- 
tance of changes in metabolic demand in the precipi- 
tation of myocardial ischaemia, other possible factors 
such as increases in end diastolic pressures during 
recumbency and dynamic coronary stenosis cannot be 
entirely excluded. 

The heart rate threshold before myocardial 
ischaemia occurred was lower in patients with more 
severe forms of coronary artery disease during stress 
testing (Table 3), a finding also reported in previous 
studies.?! The heart rate at the onset of the episodes of 
ST segment change during ambulatory monitoring 
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was similarly lower in patients with more severe dis- 
ease such as left main stem stenosis. The mean heart 
rate at the onset of ST segment depression during 
ambulatory monitoring was 10—20 beats/min lower 
than the heart rate at which 1 mm ST segment depres- 
sion occurred during exercise testing (Table 2). 
Measurement of the heart rate at the first change in 
the ST segment during exercise testing has not been 
performed and is certain to be lower; thus there seems 
to be a similarity in the mean heart rate threshold to 
ischaemia in both exercise testing and ambulatory 
monitoring, although there is often a large variation in 
individual patients. 

Exertional angina is considered to be secondary to 
myocardial oxygen demand exceeding supply, 
whereas rest and nocturnal ischaemia is often consi- 
dered to be secondary to coronary spasm.?? Ambulat- 
ory electrocardiographic ST segment monitoring is 
unique in being able to identify non-invasively this 
group of patients with normal coronary arteries and 
coronary spasm. This is a rare condition and 
accounted for only one of the 26 patients with normal 
coronary arteries and one of the 12 patients with noc- 
turnal angina pectoris. The other 1l patients with 
nocturnal angina had three vessel or left main coro- 
nary artery disease and a very low exercise threshold 
to ischaemia. Thus patients with severe coronary 
artery disease develop ischaemia even at rest, and 
coronary spasm in normal or near normal coronary 
arteries is a relatively rare cause of nocturnal angina. 

Both exercise testing and ambulatory monitoring 
failed accurately to predict patients with normal coro- 
nary arteries. Six patients with no significant coronary 
artery disease had episodes of ST segment changes 
during ambulatory monitoring. Five of these patients 
also had false positive exercise tests. The other patient 
was shown to have coronary spasm induced at angi- 
ography but had a negative exercise test. The duration 
of exercise to ST segment depression and the heart 
rate at which ST segment depression occurred (136 
(16) beats/min, range 120-155 beats/min) was much 
greater in patients with normal coronary arteries than 
in those with significant coronary artery disease 
(Table 3). Similarly, the heart rate at which ST seg- 
ment depression occurred during ambulatory 
monitoring in these five patients (123 (10) beats/min, 
range 108-137 beats/min) also tended to be higher 
than in patients with significant coronary disease. 
False positive exercise tests with similar episodes of 
ST segment depression during ambulatory monitor- 
ing have been previously reported in young healthy 
volunteers.?? The heart rate at which ST segment 
depression occurred in these healthy subjects was 135 
(20) beats/min (range 100—180 beats/min), a rate simi- 
lar to that of patients in this series with normal or near 
normal coronary arteries. Thus patients with normal 
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coronary arteries developed ST depression at rela- 
tively high heart rates during. both ambulatory 
monitoring and exercise testing. 

Attempts have been made in the past to correlate 
the electrocardiographic changes during exercise test- 
ing with the long term prognosis in patients with 
ischaemic heart disease.?* The patients with ST seg- 
ment depression at low workload, those with a greater 
magnitude of ST segment depression, and those with 
exercise induced ventricular arrhythmias have a worse 
prognosis and also tend to have more severe forms of 
coronary artery disease. Information on the prognos- 
tic importance of ambulatory electrocardiographic ST 
segment changes is lacking. Nevertheless, it is widely 
known that patients with three vessel disease and left 
main stem coronary artery disease have a relatively 
poor long term prognosis. It would, therefore, be val- 
uable to identify non-invasively this subgroup in a 
group presenting with chest pain. These results show 
that ambulatory ST segment monitoring detected 
transient episodes of ST segment changes in 8096 of 
the patients with three vessel disease and in all 
patients with left main stem stenosis. Patients with 
Inore severe coronary artery disease also had more 
frequent episodes of ST segment changes during the 
day (Table 1). Indeed 11 of the 12 patients with noc- 
turnal angina had either severe two or three vessel 
disease or left main stem stenosis. Exercise tests were 
also positive in 7996 of the patients with three vessel 
disease, but the duration of exercise did not identify 
patients who had nocturnal ischaemia nor those with 
left main stenosis (Table 2). Mortality and morbidity 
in patients with three vessel coronary artery disease 
уагіеѕ,25 and those patients who have more frequent 
ischaemia may possibly have greater risk of infarction 
or death, although long term studies are required to 
substantiate this view. 


We thank the British Heart Foundation for their sup- 
port. 
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Predictive value of early maximal exercise test and 
thallium scintigraphy after successful percutaneous 
transluminal coronary angioplasty 
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BRAND, PIM J DE FEIJTER, JOHAN H C REIBER, PAUL G HUGENHOLTZ 


From the Thoraxcenter, Erasmus University and University Hospital Dijkzigt, Rotterdam, The Netherlands 


SUMMARY Restenosis of the dilated vessel after percutaneous transluminal coronary angioplasty can 
be detected by non-invasive procedures but their ability to predict later restenosis soon after a 
successful angioplasty as well as recurrence of angina has not been assessed. А maximal exercise test 
and myocardial thallium perfusion scintigraphy were, therefore, performed in 91 asymptomatic 
patients a median of 5 weeks after they had undergone a technically successful angioplasty. Primary 
success of the procedure was confirmed by the decrease in percentage diameter stenosis from 
64(12)% to 30(13)% as measured from the coronary angiograms and in the trans-stenotic pressure 
gradient (normalised for mean aortic pressure) from 0-61(0-16) to 0-17(0-09). A clinical follow up 
examination (8-6(4-9) months later) was carried out in all patients and a late coronary angiogram 
obtained in 77. The thallium perfusion scintigram showing the presence or absence of a reversible 
defect was highly predictive for restenosis whereas the exercise test was not. The positive predictive 
value of an abnormal scintigram was 82% compared with 60% for the exercise test (ST segment 
depression/or angina or both at peak workload). Angina or a new myocardial infarction occurred in 
60% of patients with abnormal and in 21% of patients with normal scintigrams. 


Restenosis of the dilated vessel after primary success- 
ful percutaneous transluminal coronary angioplasty 
occurs in 19-33% of cases within the first six months 
after the procedure.!~* Changes in the dilated and 
non-dilated arteries may be detected by changes in the 
patient’s clinical status, by non-invasive diagnostic 
tests, or by repeat coronary angiography. Previous 
work? has shown that an abnormal exercise test 
response and a myocardial perfusion deficit on thal- 
lium scintigrams was associated with an angiographi- 
cally detected restenosis of the dilated vessel or with 
the presence of additional disease. The present study 
was performed to determine the value of early non- 
invasive testing for the prediction of restenosis and 
recurrence of symptoms. The patients included in this 
study had undergone a technically successful angiop- 
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lasty and had remained free of angina pectoris at the 
time of the exercise test and thallium scintigraphy, 
which were performed a median of 5 weeks after the 
procedure. Follow up data on the recurrence of symp- 
toms and a control coronary angiogram obtained a 
median of 7 months after the procedure were com- 
pared with the initial non-invasive test results. 


Patients and methods 


STUDY POPULATION 

Of 265 consecutively attempted angioplasty proce- 
dures followed up for at least six months, 91 attempts 
in 87 patients (75 men, 12 women) were selected for 
this study. The inclusion criteria were (а) a primary 
successful angioplasty, (b) early maximal exercise test- 
ing combined with thallium myocardial perfusion 
scintigraphy, and (c) absence of anginal symptoms 
after the procedure until the time of non-invasive test- 
ing. À single stenosis was dilated in 89 cases and a 
double stenosis (left circumflex and anterior descend- 
ing arteries) in two. Eight had previously undergone . 
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coronary artery bypass surgery. The dilated vessel 
was the left anterior descending artery in 61 patients, 
the left circumflex artery in nine, the right coronary 
artery in 18, and a saphenous vein bypass graft in 
three. Sixty seven patients had one vessel disease, 13 
two vessel disease, and three three vessel disease. In 
the remaining eight, previous bypass surgery was per- 
formed with complete revascularisation as shown at 
angiography in four of them. 

After angioplasty, a complete anatomical correction 
was obtained in 73 procedures, while additional dis- 
ease not suitable for dilatation by us was still present 
in 18 cases. Seven of these 18 patients had unstable 
angina refractory to medical management. Angio- 
plasty of the vessel thought responsible for the symp- 
toms was attempted because the patients were not 
considered ideal candidates for surgery in view of 
associated disability or recent myocardial infarction. 
In the remaining 11 patients, the residual lesions not 
suitable for angioplasty were also not suitable for 
bypass surgery or reoperation. 


ANGIOPLASTY 
The procedure was performed according to the tech- 
nique of Grüntzig et al,! using the equipment of 
Schneider via a femoral route. Details regarding the 
procedure used in our laboratory have been previ- 
ously described. The procedure was considered to 
be successful when the residual stenosis was« 5096 in 
diameter with a good runoff and filling of the distal 
vessel at angiography. In the 87 cases with satisfactory 
recordings, the residual pressure gradient (normalised 
for the mean aortic pressure) was<0-2 in 57 cases and 
«0-4 in 28.8 

All patients received nifedipine 10 mg every two 
hours for the first 12 hours after the procedure and 
were maintained on salicylic acid 500 mg a day and 
nifedipine 10 mg 3-6 times a day until repeat angiog- 
raphy was performed. Beta blocking agents were 
withdrawn unless hypertension was present. 


EXERCISE TEST AND MYOCARDIAL THALLIUM 
SCINTIGRAPH Y 

The non-invasive exercise studies were performed 
5-2(2-5) weeks (mean (SD)) after the angioplasty. 
Before testing, a careful history was obtained and only 
patients free of typical angina were included. The sub- 
jects underwent a maximal or symptom limited exer- 
cise test on the bicycle ergometer with stepwise 
increments of 20 W every minute. Intravenous 
dipyridamole? was used as an alternative for the exer- 
cise test in four patients who were unable to cycle. 
The three orthogonal leads XYZ of the Frank lead 
system were monitored, processed, and analysed as 
previously described.!? Horizontal ST depression 
20-1 mV or typical angina during exercise were consi- 
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dered to be an abnormal (or positive) exercise test 
response. One minute before peak exercise, thallium 
50 MBq (1-5 mCi) was injected intravenously and 
imaging started five minutes later in the anterior and 
left anterior oblique 45° and 65?' views. Static planar 
images (500 kcounts full field) were obtained after 
exercise and four hours later. The late images were 
corrected for acquisition time differences with respect 
to the early images. After interpolative background 
correction!! and automated left ventricular contour 
detection,!? circumferential profiles were computed 
and compared with the normal range defined by the 
upper and lower tenth percentile at each point of the 
profile from 15 normal subjects. These methods used 
for data collection and processing have been described 
before.!? The analogue images and the circumferen- 
tial profiles were prospectively analysed on a consen- 
sus basis by three experienced observers without 
knowledge of the angiographic data. The segmental 
thallium uptake was scored both in the postexercise 
and late images on a four point scale, from normal (3) 
to absent (0). The scores of all segments were summed 
for each patient and the total difference between late 
and early postexercise scores was taken as a measure 
of the amount of redistribution. Ап increase in thal- 
lium uptake score of two points or more between 
postexercise and late images was taken as the cutoff 
between normal and abnormal scintigrams. Using this 
analysis, the previously reported sensitivity and 
specificity for the diagnosis of coronary artery disease 
were 80% and 88% respectively.!? 


ANGIOGRAPHIC FOLLOW UP AND QUANTITATIVE 
CORONARY ANGIOGRAPH Y 

А repeat coronary angiogram was requested in all 91 
patients six months after the angioplasty and actually 
performed in 77. The interval from the procedure was 
7-4(2-5) months in the patients who remained asymp- 
tomatic and 5-5(2-7) months in the patients who had 
recurring symptoms. Angiograms were obtained in 
multiple views (including hemiaxial views for the left 
coronary artery) and were interpreted by the angiog- 
raphers without knowledge of the non-invasive test 
results. Restenosis was defined as an increase in the 
diameter stenosis of the dilated lesion to>50%. In 
addition, quantitative analysis of the dilated stenosis 
was obtained in the same angiographic projection 
before and after angioplasty and at follow up by 
means of our computer based coronary angiographic 
analysis system.” !? 


CLINICAL FOLLOW UP 

The patients were followed up in the outpatient clinic 
until the occurrence of typical angina pectoris or a 
new myocardial infarction, or both, repeat angio- 
plasty, or coronary artery bypass grafting. Clinical 
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information was obtained in all 91 patients and the 
follow up duration was 8-6(4-9) months (mean (SD). 
No patient died during this period. 


ANALYSIS OF RESULTS 

Results are presented as mean (standard deviation). 
Paired or unpaired £ tests were used whenever 
appropriate. The predictive value.of a given test or of 
a combination of tests was calculated as the percen- 
tage of patients with an event among those who had 
that given test result. The influence of the extent of 
the thallium reversible defect on its predictive value 
was assessed by the Armitage test.!4 


Results 


Table 1 gives details of the angioplasty procedure and 
of the exercise test for patients with restenosis of the 
dilated lesion (n=23), with long term successful 
angioplasty but additional disease (n— 17), and with 
long term successful angioplasty and complete 
anatomical correction (n—37), and patients without 
angiographic follow up (n=14). Before angioplasty 
the mean percentage diameter stenosis was slightly 
less in those patients with primary successful dilata- 
Чоп and additional disease (p<0-05), but no 
significant difference between groups was observed 
after the procedure. At follow up, on average no 
further change was observed except, by definition, for 
those patients with restenosis (Fig. 1). There was no 
significant difference between groups in the pressure 
gradient across the stenosis either before or after the 
angioplasty. Similarly, the time of exercise testing 
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after the procedure and the maximal workload and 
heart rate achieved were comparable in all groups. 

Ninety six per cent of the patients who exercised 
reached 8096 of their predicted maximal workload. An 
abnormal exercise test was found in 30 patients: 18 
had ST segment depression, 10 angina at peak work- 
load, and two both. Exercise induced ischaemia as 
assessed by the thallium redistribution was observed 
in 41 patients. During follow up, angina recurred in 
34 patients and two had a new myocardial infarction 
in the territory of the dilated vessel (an inferior infarc- 
tion due to right coronary artery occlusion two years 
after successful angioplasty of the left anterior 
descending coronary artery was also observed). Nine 
patients had a repeat angioplasty and three underwent 
coronary artery bypass surgery. Among these, one 
patient with a successful angioplasty at five months 
had unstable angina pectoris seven months later 
owing to progression of coronary artery disease in 
other vessels (Table 2). 


PREDICTIVE VALUE OF TESTS 

Figure 2a shows the predictive value of the non- 
invasive tests in the 77 patients with follow up angio- 
grams. An abnormal thallium scan was associated 
with a high probability of restenosis or with the pres- 
ence of additional disease; this probability was not 
influenced by the exercise test result (81% of 
restenosis when both tests were abnormal vs 83% 
when tests were discordant). Conversely, a normal 


- thallium scan was associated with a low probability of 


restenosis or additional disease or both. This probabil- 
ity was also not influenced by the exercise test result 


Table 1 Angiographic findings before and after percutaneous transluminal coronary angioplasty (PTCA) and details of exercise 


testing according to four patient groups 








Restenosis Additional disease Long term success No control angiography 
(п=23) (n=17) (n=37) (n=14) 
Angiographic findings 
Dilated vessel: 
LAD 18 10 24 9 
LCX I 4 3 1 
RCA 3 3 10 2 
Bypass 1 — — 2 
96 (Mean, SD) diameter stenosis: 
Before PTCA 67(14) 5812) 65(11) 68(12) 
After PTCA 3213) 25(14) 31(12) 3010) 
At follow up 63(11) 3012) 32(12) — 
Mean (SD) pressure gradient* ý 
Before PTCA 0-66(0-15) (n— 22) 0-58(0-10) (n= 16) 0-60(0-14) (n2 36) 0-57(0-23) (n- 14) 
After PTCA 0-1&(0- 11) (n—23) 0-18(0-9) (n- 15) 0-16(0-8) (n=8) 0-1&(0- 115 (0=13) 
Exercise test 
Mean (SD) No of weeks after PTCA 
(range 5-3(2-6) (3-12) 5-2(2-1) (2-8) 4-9(1-8) (2-8) 5-6(2-4) (3-12) 
Mean (SD) maximal workload (96 of 
CoD 93-2(15-3) 98-2(13-7) 916-5) 99-3(14-3) 
Mean (SD) maximal heart rate (beats/min) 146(28) 147(27) 151(22) 146(23) 


Translesional pressure gradient is normalised for the mean aortic pressure. 
*LAD, left anterior descending, LCX, left circumflex, RCA, right coronary artery; 


n, number of available measurements. 
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Fig. 1 Percentage diameter of the dilated stenosis for patients with (a) restenosis (n=23), 
(b) additional disease (n=17), and (c) complete correction (n=37) as shown by quantitative 
angiography before and after angioplasty and at late follow up. 


(2996 of restenosis when both tests were normal vs 
2296 when tests were discordant). Figure 2b shows 
similar findings in the subgroup of patients with com- 
plete anatomical correction after the angioplasty. The 
predictive value of an abnormal thallium scan: was : 
74% whereas the probability of restenosis in patients 
with a normal thallium scan was 16%. Again, the 
exercise test result had no predictive value. 

Figure 3 shows the value of the non-invasive tests 
results for the prediction of recurrence of angina or 
occurrence of a new myocardial infarction or both in 
all 91 patients. The probability of a later coronary 
event was 65% when both tests were abnormal and 
decreased to 52% when only the thallium scan was 


abnormal. In the presence of a normal thallium scan, 


the probability was low (about 20%) regardless of the `` 


result of the exercise test. The positive and negative 
predictive values were respectively 60% and 78% for 
thallium scintigraphy and 53% and 67% for the exer- 
cise test. 

Table 3 shows the influence of the severity of 
ischaemia on the predictive value of the thallium scin- 
tigram. As far as the angiographic endpoint was con- 
cerned, the percentage of patients with restenosis or 
additional disease or both increased from 24 when no 
ischaemia was present to 75 when a slight degree of 
redistribution was observed (p«0-001), which was 


-even below the abnormality threshold used in this 


Table 2 Exercise test results and recurrence of symptoms during follow up in four patient groups . 





Restenosis Additional disease Long term angiographic No repeat angiograph: 
(n=23) (n=17) success (n=37 ID: ee 
Abnormal exercise test: 
Angina 1 3 6 eS 
ST depression 7 3 4 4 
Both PHA 1 a 1 
Abnormal scintigram 17 11 6 7 
Symptoms: 
Recurrent angina 16 8 6 4 
New myocardial infarction — 2 AL EM 
Treatment: 
Repeat angioplasty 7 2 a TA 
Coronary artery bypass graft 1 1 1 — 
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Fig.2 Predictive value for restenosis of the various possible 
combinations of non-invasive test results (a) in patients with 
restenosis or additional disease or both, and (b) in patients with 
complete correction after angioplasty (PTCA). n, number of 
patients; (+), abnormal test; (—), normal test. 





study. Further increase in the size or in the severity 
of the reversible thallium defect was not associated 
with an increased probability of significant restenosis 
at angiography. On the contrary, the percentage of 
patients who had a coronary event during the follow 
up period increased stepwise as the ischaemia became 
more severe (р= 0:001). 


Discussion 


The present study shows that the early assessment of 
myocardial perfusion by exercise thallium-201 scintig- 
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Fig. 3 Predictive value for recurrence of angina or myocardial 
infarction or both of the non-imvasive tests. n, number of patients; 
(+), abnormal test; (=), normal test. 


raphy after a successful angioplasty has a high predic- 
tive value for restenosis and recurrence of angina dur- 
ing the follow up period. Since restenosis after the 
procedure is known to occur mainly during the first 
4-6 months after the procedure,? * the repeat coro- 
nary angiography was planned at six months unless 
angina recurred earlier. Furthermore, the duration of 
the clinical follow up (mean 8:6 months) was deliber- 
ately short since symptoms recurring after than period 
are more likely to be related to the progression of 
coronary artery disease rather than to restenosis of the 
initially dilated vessel. 

Changes in the severity of the stenosis were assessed 
visually by the angiographers and objectively charac- 
terised in a single projection by a computer based 
analysis system. The mean percentage diameter 
stenosis for the entire group before angioplasty was 
6396. This value is at least 1096 lower than that which 
is commonly reported when eyeball readings of the 
angiograms are relied on.!5 !* Visual interpretation of 
diameter reductions is known to systematically over- 
estimate the severity of the stenosis." Moreover, 
lumen reductions of 9096 are rarely suitable for angio- 


Table 3 Effect of the severity of ischaemia on the predictive 
value of thallium scintigraphy 





Redismbunon score* 











0 1 2 3 
% Restenosis or additional disease 
or both 7$ 71 84 
% Recurrence of angina or 
infarcuon or both 22 29t 50t 67% 





* Difference іп thallium uptake score from postexercise to late image; 
1p 0-001 (p represents the significance of cach probability increment 
according to the severity of ischaemia). 
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plasty since such lesions, with an obstructed diameter 
of as little as 0-35 mm, are unlikely to be.crossed even 
by a low profile deflated balloon catheter which has a 
mean diameter of 0:8 mm. As shown experimen- 
tally,!? angioplasty induces non-axisymetric changes 
of the atherosclerotic lesions so that they can no 
longer be assessed from a single angiographic projec- 
tion. Accordingly, the use of orthogonal or multiple 
projections has been recommended.!? This was not a 
major limitation in this study since after angioplasty 
intrapatient changes were the main interest. 

Previous studies using non-invasive tests to evalu- 
ate the results of angioplasty have focused on the 
reversibility of the ischaemic changes after a success- 
ful procedure and on their induction at the time of 
гесштепсе.25202! The ability of the non-invasive 
tests to predict restenosis and recurrence of angina has 
not been evaluated. The study from the Montreal 
group, however, reports observations similar to our 
findings?: among six asymptomatic patients who had 
persistently abnormal thallium scintigrams one month 
after angioplasty restenosis was present at six months 
in two (out of five) who had a control angiogram. 

In the present study, the high predictive value of 
the perfusion scintigram contrasts with the poor pre- 
dictive value of the exercise test, at least for the pre- 
diction of restenosis. This might be related to a lower 
sensitivity of the exercise test for the detection of 
moderate coronary narrowing compared with thal- 
lium scintigraphy. The combination of a normal exer- 
cise test with a reversible thallium perfusion abnor- 
mality could be an early indicator of the presence of a 
non-critical stenosis, still insufficient to induce ST 
segment depression during ехегсіѕе.22 23 Indeed, 60% 
of the patients with an initially abnormal scintigram 
became symptomatic during the follow up period. 
Thus the most likely explanation for our findings is 
that restenosis had already occurred to some extent at 
the time of non-invasive testing in the majority of 
patients in whom it was detected later. Pathological 
studies of the underlying mechanism of restenosis 
after dilatation support this hypothesis. Fibrocellular 
proliferation as a reparative response to coronary wall 
laceration has been found in necropsy studies?* and 
may represent the pathological substrate of early 
restenosis. By analogy with aortic dissection, expos- 
ure of vascular smooth muscle cells to blood may trig- 
ger an exuberant tissue reaction leading to the obliter- 
ation of the false channel and eventually of the func- 
tional lumen. Data from experimental angioplasty in 
pigs suggest that balloon dilatation is a potent 
stimulus to early platelet deposition and subsequent 
intimal hyperplasia.25 In this model, the reparative 
process was seen by two weeks after the procedure. 
That may have allowed the early detection of 
restenosis in our patients. 
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Another possible explanation for our findings may 
be that the abnormal scintigrams occurred predomin- 
antly in patients in whom the dilatation was incom- 
plete. This seems unlikely to us since only successful 
cases were included and the decrease in the severity of 
the stenosis and in the trans-stenotic pressure gra- 
dients was comparable in patients with restenosis 
and sustained angiographic success. Because of a 
selection bias, restenosis of the dilated artery occurred 
in 30% of the patients who had a control angiogram, 
while angina pectoris recurred in 40% of all patients. 
These results do not represent the true incidence of 
restenosis at our institution since the availability of a 
thallium scintigram was a requirement for inclusion in 
this study. The high incidence of recurrent angina 
must also be related to the inclusion of patients with 
disease in additional vessels in whom dilatation, 
although successful, did not result in complete 
anatomical correction. Hence, an obligatory long term 
relief of symptoms could not be expected. Angina 
recurred in 61% (11 out of 18) of these patients. 

The clinical implications of these findings for the 
routine management of patients undergoing angiop- 
lasty remain to be elucidated. Certainly an abnormal 
stress thallium scintigram early after the procedure in 
an asymptomatic patient is an indication for close clin- 
ical monitoring in view of the high chance of the 
recurrence of symptoms. Currently, we consider that 
decisions to perform a control angiogram, followed by 
a redilatation when restenosis is found, should 
primarily be based on the severity of the anginal 
symptoms rather than on the results of the testing 
procedure by itself. This is analogous to the issue of 
bypass surgery for documented coronary artery dis- 
ease in asymptomatic patients, particularly now that 
no benefit of surgical intervention over pharmacologi- 
cal treatment was found in mildly symptomatic or 
asymptomatic patients.?$ As long as the outcome of 
prophylactic angioplasty has not been studied, the 
procedural complications and incomplete success 
rates would militate against carrying out angioplasty 
when diagnostic testing shows restenosis in the 
absence of symptoms. 


We thank J Tijssen and M Patijn for statistical 
analysis of the data and P van Eldik for quantitative 
analysis of the angiograms. 
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Randomised placebo controlled trial of aspirin and 
dipyridamole in the prevention of coronary vein graft 
occlusion 
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SUMMARY Treatment with the combination of aspirin and dipyridamole is believed to reduce the 
incidence of coronary vein graft occlusion. А double blind randomised controlled trial was carried 
out in which aspirin 990 mg and dipyridamole 225 mg daily or placebo were added to the routine 
postoperative managment (warfarin for three months) of 320 patients undergoing coronary bypass 
grafting. The trial treatment was given for 12 months, after which the results were assessed by 
coronary and graft angiography. The two randomised groups, each of 160 patients, were comparable 
in age, sex, symptomatic state, angiographic findings, and operative procedure. Repeat coronary 
arteriography was carried out on 266 patients, 133 in each group. All grafts and distal anastomoses 
were patent in 6896 (91/133) of the placebo patients and in 7596 (100/133) of those receiving active 
treatment. Overall graft patency was 8796 (306/352) and 8996 (342/385) respectively. Retrospective 
subgroup analysis showed patency rates of 7296 (26/36) and 7896 (39/50) of grafts to vessels requiring 
preliminary endarterectomy, and 8096 (36/45) and 9196 (40/44) of distal anastomoses to vessels 
measured at operation to have a diameter of <1 mm. None of these differences was significant at the 
596 level. 

Thus in this group of patients with high graft patency rates, treatment with aspirin and 
dipyridamole conferred no appreciable advantage. 


One of the main causes of recurrent or persistent 
angina after an aortocoronary bypass operation is graft 
occlusion.!^? This complication, whether it occurs 
early from thrombosis or later from progressive subin- 
timal proliferation,^5 is believed to result from 
perioperative endothelial damage followed by deposi- 
tion of platelets on to the subendothelial tissues,$ and, 
in the experimental animal, its occurrence can be 
limited by treatment with the combination of aspirin 
and dipyridamole.” $ Moreover, this combination has 
been shown to decrease lipid accumulation in the 
intima of vein grafts implanted into the arterial circu- 
lation of both normolipaemic and hyperlipaemic 
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monkeys.? Several clinical trials of platelet inhibitor 
and anticoagulant treatment have been reported,!9^ 19 
but the findings have been conflicting and in many 
instances do not withstand critical scrutiny.29 We 
report a randomised placebo controlled trial in which 
we assessed the effect of the combination of aspirin 
and dipyridamole on coronary vein graft patency one 
year after operation. The treatment was added to our 
routine management with conventional anticoagula- 
tion for the first three months and was started in the 
early postoperative period. 


Patients and methods 


SELECTION OF PATIENTS 

Consecutive patients of either sex up to the age of 70 
years, who had undergone coronary arteriography and 
had been referred for aortocoronary bypass grafting, 
were considered for entry into the trial. Patients were 
excluded for the following reasons: (2) previous cor- 
onary bypass operation; (b) coexistent valvar heart 
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disease; (c) history of peptic ulceration, hiatus hernia, 


or-.indigestion; (d) known intolerance to aspirin or 
dipyridamole; (e) habitual use of aspirin or other anti- 
inflammatory drugs; (f) recognised indication for 
antiplatelet treatment (for example, transient cerebral 
ischaemic attacks) or the need for anticoagulant 
treatment which was likely to extend beyond three 
months after operation; (g) significant bleeding disor- 
der or reduced platelet count; (й) any condition which 
' might increase the risk of elective coronary and graft 
angiography (for example, cerebrovascular disease); 
(2) more than four months between coronary arteri- 
ography and surgery; and (7) refusal to take part. 
The purpose and potential risks of the trial were 
explained to each patient, and signed consent was 
obtained. The protocol was approved by the ethics 
committee of the National Heart and Chest Hospitals. 


RANDOMISATION 

Patients were randomised in equal numbers to the 
placebo or active treatment groups. Whenever pos- 
sible the long saphenous vein was used for the bypass 
grafts, but when this was unsuitable another vein 
from the leg or arm vein was used. After its removal, 
and before implantation, the vein was kept in heparin- 
ised blood. The internal mammary artery was not 
used routinely for bypass grafting but when, in occa- 
sional patients, this technique seemed most appropri- 
ate such grafts were excluded from the analysis. The 
size of the grafted arteries was measured with a probe; 
vessels of <] mm diameter were considered to be 
small. The presence of disease at the site of the distal 
anastomosis and the performance of endarterectomy 
were also recorded. The distal anastomoses were con- 
structed with continuous 6/0 or 7/0 prolene and were 
carried out according to the preference of the indi- 
vidual surgeon, either with the heart fibrillating and 
the temperature allowed to drift to 28°С or with the 
heart arrested by cold cardioplegia. 

Our original intention had been to start the trial 
treatment as soon as the patient had given his consent 
and to continue it up to the night before operation. 
The fourth patient, however, died during his oper- 
ation mainly as a result of severe bleeding. The oper- 
ation had been technically difficult and prolonged, 
but he had been taking the active treatment; thereaf- 
ter the capsules were started on the second or third 
postoperative day as soon as the chest drains had been 
removed and the patient was able to take tablets by 
mouth. The medication was packaged and labelled for 
double blind administration and each capsule con- 
tained either placebo or aspirin 330 mg plus 
dipyridamole 75 mg and was given three times daily. 
At the same time treatment was started with warfarin 
and this was continued, maintaining the prothrombin 
time between two and three times control (British 


Brooks, Wright, Sturridge, Pepper, Magee, Walesby, Layton, Honey, Balcon 


Comparative Thromboplastin), for the first three 
months. Administration of the trial capsules was con- 
tinued until the patient's readmission for assessment 
by graft and coronary angiography after one year. 
Patients were asked not to take additional aspirin, 
dipyridamole, sulphinpyrazone, or other anti- 
inflammatory drugs during this period, and para- 
cetamol was recommended for mild pain. 


COMPLIANCE - 

Compliance with the prescribed treatment was as- 
sessed by questioning the patient and by a urine test 
for aspirin at the first postoperative outpatient visit 
(usually eight weeks after operation). 


DATA ANALYSIS AND STATISTICS 

The grafts were characterised as patent or occluded. 
Grafts with multiple distal anastomoses (sequential 
grafts) were considered both in terms of the patency 
of each anastomosis and of the graft itself. The data 
were analysed on the "intention to treat” principle, 
and the two groups were compared by their overall 
graft patency rate and by the proportion of patients 
with all grafts patent. Based on a consecutive series of 
patients who were reinvestigated during 1975—76 after 
aortocoronary bypass grafting at the London Chest 
Hospital, in which the graft patency after one year of 
treatment with warfarin for the first three months was 
83% and the mean number of grafts was 2:5 per 
patient, we estimated that the inclusion of 150 
patients would give a 90% probability of detecting a 
50% reduction in graft occlusion rate. To allow for 
withdrawals from the trial and to increase its power 
while limiting the recruitment period we decided to 
enroll 300 patients, and this figure was subsequently 
increased to 320 with the realisation that the placebo 
patency rate was likely to be higher than had been 
expected. 

In addition, the influence of treatment on the dis- 
ease in segments of bypassed arteries which were 
proximal to the distal vein graft anastomosis was 
assessed by comparing the preoperative and post- 
operative angiographic appearances of bypassed ves- 
sels which, on the first angiogram, were patent bet- 
ween their origin from the aorta and the site of the 
subsequent anastomosis. The disease was defined as 
having progressed if the artery was occluded on the 
second angiogram; no attempt was made to assess les- 
ser degrees of progression. 

Angiography was carried out and analysed without 
knowledge of the patient’s randomisation. The code 
was broken for an individual patient only when there 
was a medical requirement to know whether he had 
been receiving active treatment; any decision to with- 
draw the trial capsules was made on the assumption 
that active treatment was being given. A preliminary 
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analysis was made after the entry of 200 patients, and 
it was at this stage that the high placebo group vein 
graft patency was discovered and the decision to 
increase the recruitment to 320 patients was taken. 


Results 


During the recruitment period from 11 October 1978 
to 3 October 1982 a total of 1054 patients had a pri- 
mary isolated coronary artery bypass operation car- 
ried out at the London Chest Hospital. Seven 
hundred and thirty four patients were excluded from 
the trial, 400 (5496) because their angiogram was more 
than four months old, 2396 because of known intoler- 
ance to aspirin, a previous history of peptic ulcera- 
tion, hiatus hernia, or indigestion, and 1096 because 
they refused to take part. The remaining 1796 were 
too old, lived abroad, required regular anti- 
inflammatory drugs, were considered unsuitable for 
elective reinvestigation, or were omitted for adminis- 
trative reasons. 

Three hundred and twenty patients agreed to take 
part and were randomised, 160 to receive placebo and 
160 to receive active treatment. There were no 
significant differences between the two groups in age, 
sex, the severity of their symptoms, coronary disease 
and left ventricular function, or in the number of 
grafts subsequently implanted. There were similar 
numbers of cigarette smokers and patients with 
hypertension and hyperlipidaemia but over twice as 
many diabetic patients (p<0-05, x? test) in the active 
than in the placebo group (Table). Three patients 
died preoperatively, and two refused operation after 
randomisation, so that 315 (156 in the placebo group 
and 159 in the active group) actually underwent aor- 
tocoronary bypass grafting. Seven patients (six in the 
active group, one in the placebo group) died in the 
perioperative period before starting the trial medica- 
tion. One patient in the active group, as mentioned 
previously, who was pretreated, also died periopera- 
tively. There were five late deaths, two in the active 
and three in the placebo group. 


COMPLICATIONS 

The trial capsules were withdrawn from 35 patients 
after the development of complications or symptoms 
which were suspected of having been caused by as- 
pirin. Minor gastrointestinal disturbances, such as 
abdominal discomfort, heartburn, nausea, or vomit- 
ing, occurred in 18 patients receiving active treatment 
and in 10 of those receiving placebo. Two patients, 
one from each group, developed uncomplicated 
duodenal ulcers. Life threatening complications 
occurred in five patients: three receiving active treat- 
ment had severe gastrointestinal haemorrhages within 
' the first two weeks, while one placebo group patient 
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had a perforated duodenal ulcer one week postopera- 
tively and another a severe gastrointestinal haemor- 
rhage after two months. Eight additonal active group 
patients reported minor side effects but continued to 
take the trial treatment. The difference in frequency 
of side effects between the two groups is statistically 
significant (p« 0-01, x? test). 

In the active group there was a marginally 
significant decline in haemoglobin concentration be- 
tween the initial and final assessments (p<0-05, 
paired £ test; measured decrease 0-39 g/dl), and 
haemoglobin concentrations were higher in the 
placebo group than in the active group at the final 
evaluation (p« 0-01, t test). 


COMPLIANCE 

In the placebo group 123 (7796) patients took the trial 
capsules substantial as instructed, whereas in the 
active group 116 (7396) complied with the treatment. 
Of tlie patients who underwent coronary and graft 
angiography after one year, the compliance rates were 
8796 and 8396 respectively. 

Thirty six patients (19 in the placebo and 17 in the 
active group) who were alive one year after their oper- 
ations either withdrew from the trial or were not 
recatheterised because of medical reasons which 
might have increased the risk of complications from 
the procedure. 


CORONARY AND GRAFT ANGIOGRAPHY 

Repeat coronary arteriography was carried out on 266 
patients, 133 in each group. The mean time to re- 
investigation after surgery was 12-4 (SD 1-7) months 
in the active group, and 12-2 (SD 2-1) months in the 
placebo group. In all but six cases the graft or a dis- 
tinct stump were selectively catheterised. One graft 
which was not entered was seen to be patent on an 
aortogram; the others (two in the placebo and three in 
the active group) were assumed to be occluded. In two 
placebo group patients there was uncertainty about 
the patency of one anastomosis of a sequential graft; 
both were designated as occluded. : 

In the placebo group there was a total of 352 vein 
grafts (including 16 sequential grafts) with 369 distal 
anastomoses (mean 2-8/patient). There were three 
internal mammary grafts. Vein graft patency was 8796 
(306/352) and distal anastomosis patency 8696 (318/ 
369). Endarterectomy was carried out on 36 arteries, 
and the grafts to 26 (72%) of these vessels were patent. 
АП the grafts were patent in 7296 (96/133) of the 
patients and all the distal anastomoses in 6896 (91/ 
133). 

In the active group 360 vein grafts (including 24 
sequential grafts) were implanted with 385 distal anas- 
tomoses (mean 2-9/patient) and two internal mam- 
mary grafts. Vein graft (321/360) and distal anas- 
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'Table Characteristics of patients receiving either placebo or active treatment. Figures are numbers (96) of patients unless stated 





otherwise 
Placebo Active 

No of patients randomised 160 160 
Men/women 143/17 139/21 
Age (range) (yr) 54-5 (26-70) 54-2 (33—69) 
Hypertension (2160/90 mm Hg) 35 (22) 32 (20) 
Diabetes 6 (4) 15 (9) 
Serum cholesterol concentration (mmol/l) 7-13 (SD 1-35) 7-16 (SD 1-4) 
Serum triglyceride concentration (mmol/l) 2-30 (SD 1-82) 2-30 (SD 1-67) 
Smoking (> el 10 cigarettes/day): 

Preoperatively 71 t 81 (51) 

Postoperatively 22 (14) 26 (17) 
Peripheral vascular disease. 12 (7) 9 (6) 
Angina grade*: 

6 (4) 4 (3) 

1 6 (4) 1(0) 

2 46 (29) 57 (36) 

3 43 (27) 33 (21) 

4 , 59 (37) 65 (41) 
Previous myocardial infarctions: 

0 73 (46) 73 (46) 

1 64 (40) 71 (44) 

2 17 (11) 14 (9) 

>2 à 6 (4) 2(D 
Electrocardiogram: 

Normal . 47 (29) 50 (31) 

Abnormal 113 (71) 110 (69) 
No of coronary arteries with >75% stenosis (LMS)]: 

42 31 

2 58 (2) 54 (6) 

3 | 60 (7) 75 (7) 
Left ventricle—No of abnormal segments 1: 

0 48 (30) 50 (31) 

I 74 (4 67 (42) 

2 30 (19 35 (22) 

3 . . 8(5) 8 (5) 
Operation—No of distal vein graft anastomoses: 

1 10 (6) 7 (4) 

2 43 (28) 36 (23) 

3 81 (52) 79 (50) 

>3 7 22 (14) 36 (23) 
No of arteries endarterectomised 36 (10) 50 (13) 
No of arteries of «1 mm diameter (96 of distal anastomoses) 45 19 44 (11) 


*0, по angina; 1-3, mild, moderate, severe, effort angina; 4, rest angina. 
1No of principal arterial systems—that is, left anterior descending, right coronary artery or dominant atrioventricular circumflex, or cir- 


cumflex. 


Left ventricular free wall divided into three segments on right anterior oblique angiogram. 


LMS, left main stem. 


tomosis (342/385) patency were 89%. Endarterectomy 
was performed on 50 vessels with a subsequent graft 
patency of 78% (39/50). All the grafts and distal anas- 
tomoses were patent in 75% (100/133) of the patients. 

To examine the possibility that active treatment 
might confer particular benefit to grafts implanted 
into small coronary arteries an analysis was made of 
the patency rates of grafts to vessels measured at the 
time of operation to have a diameter of «1 mm. 
Patency was 80% (36/45) in the placebo group and 
91% (40/44) in the active group. Similarly, the two 
groups were compared in terms of patency of grafts to 
vessels in which there was disease at the site of the 
distal anastomosis but in which endarterectomy had 
not been carried out; the patency rates were 92% (68/ 
74) for the placebo group and 93% (67/72) for the 
active group. 


In the placebo group 28% (74/261) of bypassed. 


arteries which were patent preoperatively had pro- 
gressed to occlusion compared with 25% (68/271) in 
the active group. 

In none of these comparisons was the difference 
between the two groups statistically significant at the 
5% level, though in all cases there was a trend in 
favour of active treatment. 


Discussion 


Analysis of the factors which are known to influence 
the natural history of coronary heart disease and the 
results of bypass grafting indicates that the two ran- 
domised groups were well matched, though the excess 
of diabetes in the.active group might have affected 
their results adversely.in comparison with the placebo 


patients. There were, however, sources ar potential 


bias which must be discussed. 
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Firstly, only 30% of the patients who underwent 
isolated coronary bypass grafting were entered into 
the trial. Those operated on more than four months 
after coronary angiography were excluded, and for 
much of the recruitment period the surgical waiting 
list was about six months in duration. The reason for 
this somewhat arbitrary time limit was our interest in 
the influence of treatment on progression of disease in 
the proximal segments of bypassed arteries; its effect 
was that a higher proportion of patients in the trial 
had been referred for early or urgent surgery com- 
pared with the overall coronary surgical practice at the 
London Chest Hospital. This is reflected in the high 
proportion with rest pain, the fact that three patients 
died before operation, and probably the high opera- 
tive mortality of 3%. There is no obvious mechanism, 
however, by which this or any other of the exclusion 
criteria should have led to bias in favour of one group 
over the other or should preclude extrapolation of the 
results to other patients undergoing coronary vein 
bypass operations. A second problem arises from the 
patients who did not complete the trial protocol. The 
one year graft and coronary angiogram was not carried 
out on an equal number of patients in each group, 
though more of those in the active group had died (the 
majority before the trial medication was started), and 
of the survivors there was a higher proportion of 
women than among those who completed the trial 
protocol. Speculation on the influence of these 
incompletely investigated patients would be sci- 
entifically dubious, but since they comprised only 
17% of the study group and, apart from the sex differ- 
ence, their baseline characteristics were similar to 
those who completed the protocol no major bias 
should have been introduced.?° . 

At the end of the first postoperative year the active 
treatment group had a higher proportion of patent 
grafts and a higher proportion of patients with all 
their grafts patent than the placebo group. Further 
analysis showed that almost all the difference is 
accounted for by grafts to small arteries and to those 
in which preliminary endarterectomy had been car- 
ried out: patency rates of grafts to vessels which were 
>] mm in diameter and did not require endarterec- 
tomy were 89% in the placebo group and 90% in the 
active group. For none of these observations, how- 
ever, are the observed differences statistically 
significant, and such subgroup analysis in a trial 
designed: to examine overall graft patency is sci- 
entifically questionable. The results indicate, there- 


fore, either that active treatment confers no benefit - 


additional to that, if any, from routine anticoagulation 
or that a real benefit exists but is too small to have 
been detected by a trial of this size. In previous trials 
of platelet inhibitor treatment started in the post- 
operative period a trend in favour of active treatment 
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has also been seen, though in only two of them was 
the observed advantage statistically significant: treat- 
ment with sulphinpyrazone was associated with a 
highly significant improvement in vein graft patency 
between one and two weeks postoperatively,!^ and in 
a trial of aspirin 1-3 g plus dipyridamole 100 mg daily 
graft patency was 1596 higher in treated than in con- 
trol patients six months after operation.!! The second 
of these trials, however, was neither placebo con- 
trolled nor double blind, and only 6596 of the patients 
were reinvestigated. Two trials of combined anti- 
coagulant and antiplatelet treatment have been 
reported. Dale et al randomised 116 patients under- 
going coronary bypass grafting to receive either 
aspirin 1 g plus warfarin daily or to act as an untreated 
control group.!8 At a mean period of 21 months after 
operation there was no overall statistically significant 
advantage from active treatment, but, of grafts which 
had peroperative flow rates of «50 ml/min, 76-296 in 
the treated group and 48-496 in the control group were 
patent. Harjola et al combined dipyridamole with 
warfarin and compared the results retrospectively 
with a group of patients managed with warfarin 
alone.!9 The warfarin group were restudied after 
about a year and the combined group after about two 
years. Graft patency was very much higher (95-796 vs 
88-696) in the combined treatment group, but a large 
number of internal mammary grafts was implanted 
and so the results do not necessarily compare with 
trials in which vein was used as the conduit. 

As a result of experimental work which showed that 
platelet deposition begiris as soon as the vein graft is 
implanted, Chesebro and Fuster argued that the 
optimal effect from platelet inhibitor treatment could 
be obtained only by starting treatment before oper- 
ation.2° This belief is strongly supported by the 
results of their own trial carried out at the Mayo 
Clinic!$6 17 the design of which differed from the pres- 
ent study in only two important respects: firstly, 
dipyridamole was given preoperatively with aspirin 
added postoperatively, and, secondly, none of the 
patients were treated by conventional anticoagulation. 
Vein graft patency was very much higher in the active 


‘treatment group than in the placebo group, both early 


(up to six months, median 7 days), and one year after 
operation; moreover, active treatment slowed the rate 
of graft attrition during the first year. It should be 
noted, however, that the one year vein graft patency 
in the active group was the same as that in the present 
trial (8996), and that the large difference between the 
two groups at one year in the Mayo Clinic study is, 
therefore, a reflection of the lower placebo graft 
patency rate of 75%. Similarly, 7896 of patients receiv- 
ing active treatment in the Mayo Clinic trial had all 
their grafts patent at the end of the first year com- 
pared with the 7596 reported here, whereas only 5396 
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of the placebo treated patients had this favourable 
outcome compared with the 7296 in the present study. 
In other words, the conflicting results of the two trials 
are associated with a striking difference in the inci- 
dence of graft occlusion in their placebo patients. 
While this might be caused by differences in the 
patients or in operative technique, a more likely 
explanation is that warfarin treatment for three 
months had a beneficial effect in our placebo group 
and thereby diminished a true advantage conferred by 
aspirin and dipyridamole to the observed non- 
significant level. We included warfarin treatment in 
both groups for its assumed prevention of peripheral 
venous thromboembolism; the regimen adopted was 
the same as that used in our unit during the previous 


five years and the 496 higher graft patency in ће ` 


placebo group of the present study could be ascribed 
to a combination of chance and to the greater surgical 
expertise which has been acquired since our earlier 
experience, on which the statistical projections were 
based. When the present trial was designed there was 
no evidence to suggest that anticoagulant treatment 
might have a favourable influence on vein graft 
patency, but three investigations have since been 
reported: one showed clear benefit,!? one а .поп- 
significant trend,!? and another, though carried out 
on a small number of patients, no benefit.!? 

The optimal dose of aspirin for the prevention of 
thrombosis in patients with vascular disease is con- 
troversial and a low dose regimen has been rec- 
ommended in the belief that this will inhibit platelet 
throboxane production but preserve prostacyclin 
synthesis in the vascular endothelium. This notion 
had not gained widespread acceptance at the time that 
the present trial was planned, and. our dosage 
schedule was based on the augmentation by high dose 
aspirin of the dipyridamole effect on platelet survival 
time which has been shown both in patients with vas- 
cular disease?! and in those with prosthetic heart 
valves.?? 

Thus the place of treatment with aspirin and 
dipyridamole of patients who have undergone coron- 
ary bypass grafting remains uncertain, though from 
consideration of the results of this trial in the context 
of others it seems likely that such treatment does 
retard the process of coronary vein graft occlusion and 
that the effect can be optimised by starting treatment 
with dipyridamole before operation. The present trial 
suggests, however, that this regimen has little advan- 
tage over that of conventional anticoagulation for 
three months, particularly for patients with techni- 
cal satisfactory grafts to good sized coronary 
arteries. In our experience the anticoagulant regimen 
has been generally preferable to the administration of 
aspirin, which was felt to be contraindicated in a large 
number of patients and which, despite careful exclu- 
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sion of those thought to be at risk, was accompanied 
by a high incidence of side effects. Our results do, 
however, lead us to agree that the aspirin-warfarin 
combination exposed patients to a considerable risk 
from haemorrhage,? which was not offset by the 
possible small overall benefit. The main problem, 
however, is that of the high risk grafts to vessels 
requiring preliminary endarterectomy or to those of 
small calibre. The advantage we observed from active 
treatment in these circumstances would, if real, be 
clinically valuable; the uncertainty can be resolved, 
however, only by further studies. 


We thank Boehringer Ingelheim Limited, for their 
financial support for the trial, and Dr John Drake, 
director of Medical Services, for his advice and 
encouragement. ` 
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Are the clinical benefits of oral prenalterol in ischaemic 
heart failure due to beta blockade? 
A six month randomised double blind comparison with 


placebo 


DAVID R GLOVER,* CHRISTOPHER G WATHEN,t R GORDON MURRAY,* MICHAEL С 
PETCH,t ALEXANDER L MUIR,+ WILLIAM A LITTLER* 


From the Departments of Cardiovascular Medicine, *East Birmingham Hospital, Birmingham, TRoyal Infirmary, 


Edinburgh; and {Papworth Hospital, Cambridge. 


SUMMARY The clinical effects of the oral beta, partial agonist, prenalterol, were investigated in 37 
patients (29 male, eight female; mean age 57 years) with chronic ischaemic left ventricular failure 
using a placebo controlled randomised double blind protocol over six months. All patients were 
limited by dyspnoea (New York Heart Association class III) despite treatment with digoxin and 
diuretics. Twenty eight patients completed the protocol. Moderate clinical improvement was seen in 
the prenalterol group, whereas there was little change in the placebo group. Bicycle exercise capacity 
increased over six months in the prenalterol and placebo groups but only achieved statistical 
significance for prenalterol when compared with baseline values. Maximum exercise heart rate was 
significantly reduced in the prenalterol group compared with placebo. Radionuclide left ventricular 
ejection fraction at rest and during exercise and cardiothoracic ratio showed no significant improve- 
ment in either group over six months. Prenalterol was well tolerated and produced no increase in 


frequency of angina or ventricular arrhythmias. 


Prenalterol produced clinical benefits and improved exercise tolerance while reducing exercise 
heart rate. А moderate placebo response was noted. The apparent beta blocking effect of prenalterol 


may be as important as the beta, agonist effect in 


ever, been withdrawn because of side effects in 


The management of patients with chronic ischaemic 
left ventricular failure is often difficult and unsatisfac- 
tory and usually requires multiple drug treatment.! 
The prognosis is poor despite treatment.? The con- 
ventional management is with diuretics and cardiac 
glycosides,' and, although the role of cardiac 
glycosides remains controversial, 4 recent studies 
have confirmed that some inotropic support is main- 
tained in patients in sinus rhythm,>~7 especially those 
with an audible third heart sound. In the past decade 
there has been increasing interest in both vasodilator 
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producing these benefits. Prenalterol has, how- 


animals. 


treatment? !0 and inotropic drugs, 
amrinone!! and beta agonists. 

The role of beta agonists in the management of 
heart failure has recently been reviewed.!2!3 The 
beta, agonists salbutamol and pirbuterol produce 
beneficial effects mainly by vasodilatation.!^ At pres- 
ent, there are apparently only two orally active selec- 
tive beta, partial agonists: prenalterol and xamoterol 
[Corwin] (maximum agonist activity is 80%!5 and 
439615 of that of isoprenaline respectively). Both 
drugs exert a positive inotropic effect acutely!6 17 and 
during short term maintenance treatment.!8 1? There 
is, however, a need for long term placebo controlled 
studies of these drugs in the management of left ven- 
tricular failure.!3 The occurrence of side effect in 
animals has led to the withdrawal of prenalterol, but 
our studies may be of more general interest. 


particularly 
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Table і Patient characteristics. Figures are numbers of 
patients unless stated otherwise 
MUNERE nM Ee 
Prenalterol Placebo 
No of patients 19 18 
Male female 13/6 16/2 
Mean (SD) (ут) 57 (6:8) 57 (7-3) 
Mean (SD) weight (kg) 66 (10-05 71 GOES 
Mean (SD) ejection fraction 0-27 (0-119) 0-26 (0-076) 
Mean (SD) duration of left 
ventricular failure (yr) 2(22) 20-3) 
Previous myocardial infarction 18 14 
NYHA class ПІ 19 18 
Angina present 7 7 
Atrial fibrillation 4 3 
Mean (SD) dose (mg): 
Digoxin 0-25 (0-079) 0-23 (0-050) 
Frusemide 107 (65-9) 120 (54-8) 
Antianginal treatment 7 7 


No statistically significant differences prenalterol vs placebo. 


In this study the clinical effects of the beta, partial 
agonist prenalterol were assessed using a placebo con- 
trolled double blind protocol of six months' duration 
in patients with stable chronic ischaemic left ventricu- 
lar failure. 


I—PP—34-D4 
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Patients and methods 


STUDY POPULATION 

Patients were recruited during routine outpatient 
practice at three centres (Birmingham, Edinburgh, 
and Cambridge). А total of 37 patients entered the 
study (29 men, eight women), aged from 41 to 70 
years (mean (SD) 57(7) years). All the patients were 
selected on the basis of having chronic left ventricular 
failure (duration >3 months) secondary to ischaemic 
heart disease and exercise tolerance limited by dysp- 
noea (New York Heart Association functional class 
Ш) despite treatment with digoxin and diuretics. 
Patients were excluded from the study if they had 
sustained a myocardial infarction within the previous 
three months, had valvar heart disease, or obstructive 
airways disease. 

Table 1 summarises the patient characteristics. The 
presence of coronary artery disease was confirmed in 
all patients: in 23 by coronary angiography (18 of 
whom had a previous myocardial infarction) and in 
the remaining 14 by documented transmural myocar- 
dial infarction. Seven patients in each group were 
receiving antianginal treatment in the form of isosor- 
bide dinitrate (20-90 mg/day) or nifedipine (30- 


E ——À— — Follow up 460504 


Diuretics Digoxin 
Prenalterol | 
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D = Dose titration with prenalterol PP = Placebo period 
E = Exercise test R = Radionuclide angiography 
OSD = Off study drug T = Ambulatory electrocardiographic monitoring 
P = Physical examination X = Chest radiography 


Fig. 1 Study protocol. 
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60 mg/day) or both, which was maintained through- 
out the study. 


STUDY DESIGN 
Figure 1 shows the study design. It consisted of a two 
week single blind placebo period followed by a single 
blind dose titration period. Oral prenalterol (prenal- 
terol hydrocholoride controlled release tablets: AB 
Hassle) was given in incremental doses of 20 mg, 
30 mg, and 50 mg at two-hourly intervals. The opti- 
mal dose was judged to be that which resulted in a 
moderate increase in resting heart rate of not more 
than 10 beats/min, with or without a rise in systolic 
blood pressure of not more than 20 mm Hg, and 
which could be tolerated without unwanted effects. 
Patients were then randomised to receive the optimal 
dose of prenalterol or matching placebo for six 
months. At the end of this period the treatment was 
withdrawn in a double blind fashion and a final 
assessment made one month later. The assessments 
were performed at the same time of day and at the 
same time after tablet administration in each patient. 
The doses of digoxin, diuretics, and other medication 
were kept constant throughout the study except 
where clinical deterioration necessitated alteration. 
The protocol for this study was accepted by the 
United Kingdom Committee on Safety of Medicines 
under the Clinical Trial Certificate (СТ C) scheme. 
The local ethical committees approved the study, 
which was performed according to the principles of 
the World Health Association's Declaration of Hel- 
sinki. Written consent was obtained from each 
patient. 


Methods 


TRIAL PROCEDURE 

Clinical assessments—At each visit the patient and 
examining physician independently were asked to 
assess progress from the previous visit on a scale 1 to 
7: ]l,markedly worse; 2, moderately worse; 
3,slightly worse; 4,about the same; 5, slightly 
improved; 6, moderately improved; 7, markedly 
improved. The patient's subjective score (based on 
symptoms) and the physician's objective score (based 
on physical signs) were then combined to give an 
overall clinical score. The baseline clinical score was 
taken to be 8 (4+4) in every case and at each visit the 
score increased or decreased in a cumulative fashion 
depending on the degree оЁсһапреѕ from the previous 
visit. The patient’s NYHA functional classification 
was also estimated by the physician. 

Exercise tests —Maximal symptom limited exercise 
tests were performed on an electrically braked upright 
bicycle ergometer using a protocol which commenced 
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at 20 W for two minutes and subsequently increased 
by 10 W per minute. The patient’s heart rate and 
rhythm were continuously monitored and the heart 
rate and systolic blood pressure recorded at the end of 
each workload. Blood pressure was measured using a 
standard mercury sphygmomanometer. 

Radionuclide angiography—Radionuclide angiogra- 
phy was performed following in vivo red cell labelling 
with 740 MBq technetium 99 m. Image data were 
aquired using a mobile gammacamera in the anterior 
and left anterior oblique projections at rest and the 


left anterior oblique projection during supine 


dynamic exercise. Count dependent global left ven- 
tricular ejection fraction was calculated from the 
background corrected time-activity curves from rest- 
ing and exercise left anterior oblique images. Exercise 
was performed supine using an electrically braked 
bicycle ergometer. A single step protocol was used 
with a work level approximately 5096 of the erect max- 
imal level previously determined. A total of four 
minutes supine exercise was performed with image 
data acquisition during the last three minutes. 

Chest radiography—A standard posteroanterior 
chest x ray film was taken at six feet for determination 
of the cardiothoracic ratio. 

Ambulatory — electrocardiographic monitoring— 
Standard 24 hour single channel recordings were 
made using an Oxford Medical Series 4.24 portable 
cassette recorder (Oxford Electronic Instruments, 
Oxford). Analysis of the recordings was carried out 
using a Pathfinder Mark II (Reynolds Medical 
Instruments) by a single operator. The results were 
reported using the Lown grading system.2° 

Haematological and biochemical analyses—Blood 
samples for routine haematological.and biochemical 
tests and samples for subsequent plasma prenalterol?! 
and digoxin assay were taken at the time of each clini- 
cal assessment. i 

Unwanted effects—Any unwanted effects were 
recorded at the time of each clinical assessment. 


STATISTICAL ANALYSIS 

All results are expressed as mean (standard deviation). 
Baseline values for resting and exercise heart rate and 
blood pressure were calculated as the mean of the two 
pretreatment measurements, whereas for radionuclide 
angiography and chest radiography the single pre- 
treatment value was used. Student's ¢ test for 
unpaired data was used to compare the differences in 
the baseline values and changes from baseline bet- 
ween the two groups, while a Student's paired t test 
was used to test the significance of the change from 
baseline within each treatment group. A Wilcoxon 
sum of ranks test was used to compare the cumulative 
clinical score between the two treatment groups. 


Are the clinical benefits of oral prenalterol due to beta blockade? 211 


Results matched at entry with no significant differences bet- 
ween the treatment groups (Table 1). 
Nineteen patients were randomised to receive prenal- The optimal doses of prenalterol determined by 


terol and 18 to receive placebo. The patients were well dose titration were as follows: 100 mg twice daily, 17 
: patients (16 male, one female); 50 mg twice daily, 15 
Table 2 Number of deaths and withdrawals patients (nine male, six female); and 20 mg twice 


a P daily, 5 patients (four male, one female). 


(n=19) (n=18) 
DIVA ACT MEC =. о; DEATHS, WITHDRAWALS, AND PROTOCOL 
eason [or death: 
Sudden cardiac death 1 2 VIOLATIONS . К . 
Progressive severe cardiac failure Two patients in each group died during the study, 
with Mobitz type II heart block 1 9 and two patients taking prenalterol and three placebo 
Total 2 2 х : 
Events leading to withdrawal: were withdrawn from the study (Table 2). During the 
Progressive cardiac failure 1 0 i i i i 
Ae mnvecardial аа 1 0 study period the dose of diuretic (frusemide) had to be 
Increased angina pectoris 0 2 increased in two patients, from 80 mg to 160 mg/day 
Acute onset diabetes mellitus 0 | in one case and from 80 mg to 240 mg/day. in the 
B LLL Other, because of deteriorating heart failure. Both 
No statistically significant differences prenalterol vs placebo. patients were in the placebo group. 


Table3 Results of assessments made throughout the trial. Values are mean (SD) (figures in square parentheses are numbers of 
patients) 








Treatment group At entry During treatment With no treatment 
1 month 3 months 6 months 

Heart rate (beats/min) 

паща 83 (11-4) [19 84 (12-1) [19 82 (8-3) [I3] 82 (10:3) [15 82 (12-9) [14 

87 (14-3) [15 83 (12-4) [15 88 (10-5) [1 87 (10-8) [13 89 (11-4) [13 

К О од pressure (mm He) 

Prenalterol 126 (19-5) [19 124 (22-1) [19 118 (17-2) [1 124 (19-9) [15 123 (14-7) а 

Placebo 117 (13-0) [15 118 (14-4) [15 115 (17-1) b 115 (15:4) [13 111 (17-1) [13 
Diastolic blood pressure (mm Hg) 

Prenalterol 80 (10.7) [i 78 (12-0) [19 75 (12:3) [15 76 (11-4) [15 75 (7:3) [14] 
panso ds 75 (6-9) [15] 78 (10:5) [15 76 (13-7) [13 75 (10-0) [13 71 (13-4) [13] 

y weight (kg 

Prenalterol 66-5 (9-41) [19] 67.2 (10-20) [19] 68-4 (11-63) [15] 70-2 (10-08) [14] 68-1 (8-11) [12] 

Placebo 68-7 (11-04) [15] 69:4 (11-75) [15] 67-8 (12-50) [13] 68-0 (13-57) [12] 68:5 (13-01) [13] 
NYHA classification 

Prenalterol 2-9 (0:27) [19 2-7 (0-67) [19 2-6 (0-74) [15 2-6 (0-63) [15 2:8 (0-58) [14 

Placebo 3-0 (0-13) [1 2-9 (0-52) [15 2-8 (0-44) [13 3-0 (0.71) [13 2-9 (0-76) [13 
Radionuclide ejection fraction at rest 

Prenalterol 0-27 (0:119) [15 0-30 (0-150) [14]* 0-27 (0-135) [12] 0-27 (0-117) [13] — 

Placebo 0-26 (0-076) [12 0-21 (0-092) [1 0-24 (0-093) [9] 0-25 (0-095) [1 — 


Heart rate at rest (beats/min) 
Prenalterol 82 (14-5) [14 83 (14-0) [13 84 (9-8) [12 82 (13-5) p» — 
Placebo 85 (10-3) [10 86 (13-0) [10 83 (12-3) [9 80 (8-0) [8] — 
Radionuclide ejection fraction 
during exercise 


Prenalterol 0-23 (0-120) [13] 0-25 (0-161) [12] 0-22 (0-110) [11] 0:23 (0-130) [10] — 
Placebo 0-24 (0-077) [9] 0-20 (0-092) [8] 0:22 (0-095) [9] 0-23 (0-068) [8] — 
Heart rate during exercise (beats/min) 
Prenalterol 122 (18-5) [12] 112 (12-8) [11]* 107 (12:5) [11]* 107 (11:6) [10] — 
Placebo 120 (10-0) [8] 117 (19-9) [9] 117 (22-3) [9] 112 (12-6) [8] — 
Cardiothoracic ratio : 
Prenalterol 0-55 (0-069) [15] — 0-54 (0-069) [16] 0-54 (0-066) [16] — 
Placebo 0-52 (0-038) [14] — 0-52 (0-055) [14] 0-53 (0-051) [13] — 
Holter Lown score : 
Prenalterol 2-4 (1-64) [1 1-6 (0-63) [1 2:2 (1:39) [13] . 2:2 (1-05) [14 2:5 (1:58) HI 
Placebo 2-9 (1-57) [1 1-8 (0-99) [1 2:5 (1-37) [13 2:2 (1-03) [12 3-2 (1-31) [8 


Plasma prenalterol concentrations 
(nmol/l of plasma) 
Prenalterol — 193 (132-5) [15] 190 (152-4) [13} 116 (98-6) [12] — 
Placebo — 0 0 0 — 
Plasma digoxin concentrations 
(nmol/l of plasma) 
Prenalterol 1-9 (0-80) [12] 2:1 (1-65) [13] 2-3 (1-44) Pi 2-0 (1-30) [11] — 
Placebo 1-9 (0-91) [8] 2-1 (1-20) [8] 2:11: 8] 1-8 (1-26) [9] — 


*p« 0-05 between the treatment groups. 
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RESTING OBSERVATIONS : 
Table 3 shows resting heart rate and blood pressures. 
There were no significant differences between the 
groups before or during the study. 


CLINICAL SCORES AND NYHA CLASSIFICATION 
Figure 2 summarises the clinical scores. In the prenal- 
terol group the increase in clinical scores corresponds 
to moderate improvement at three and six months. 
Fourteen of the 19 patients showed a positive clinical 
response with an increased score. In the placebo 
group the increase in clinical score corresponds to 
slight improvement, with 10 of the 18 patients having 
a small increase in score. The standard deviations 
(SD) for this group were large in contrast to the pre- 
nalterol group, which is a reflection of the variability 
in clinical response in the placebo group. Statistical 
significance (Wilcoxon test) was not reached for the 
differences in cumulative clinical score between the 
prenalterol and placebo groups. 

The NYHA classification (Table 3) showed a trend 
in favour of the prenalterol group which was not 
statistically significant. 


Ed Prenaltero! 
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Beats/ minute 
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Fig.2 Mean clinical scores for patients treated with prenalterol 
or placebo. Bars denote SD. 
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Fig.3 Maximal exercise test results for patients treated with prenalterol or placebo: (a) maximum heart rate; (b) 
Systolic blood pressure at end of exercise; (c) maximum workload; and (d) total work. Values are mean (SD). 
*p«0-05; **p«0-01; ***p<0-001 (between groups). 
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EXERCISE TESTS 
The exercise tests were performed without incident. 
The limiting symptom was breathlessness or fatigue 
or both in all cases throughout the study. Figure 3 
shows the results. 

Maximum heart rate was significantly reduced in 
the prenalterol group at one month (p« 0-001), three 
months (p<0-05), and six months (p<0-01) compared 
with placebo. On drug withdrawal there was a return 
to control values. 

During the control period systolic blood pressure at 
the end of exercise was significantly higher in the pre- 
nalterol group than in the placebo group (p« 0-05). 
There was a tendency for the systolic blood pressure 
to be reduced in the prenalterol group during the 
treatment period, and this change reached statistical 
significance compared with placebo after one month 
(p« 0-05). There was little change in the placebo val- 
ues. 

Rate pressure products were calculated from the 
above data and were found to be significantly reduced 
in the prenalterol group at one month (p« 0-001), 
three months (p«0-05), and six months (p<0-01) 
compared with placebo. 

The maximum workload (watts) achieved by the 
prenalterol group was significantly increased at one 
month (p<0-05) and six months (p<0-01) compared 
with control values. There was a significant increase 
in the placebo group at one month (p<0-05), but 
there were no significant differences between the 
treatment groups. On drug withdrawal there was no 
significant change in maximum workload achieved in 
either group. 

The total work performed (watts mins) by the pre- 
nalterol group was significantly increased at one 
month (p<0-05) and at six months (р<0:01) com- 
pared with control values. In the placebo group there 
was a significant improvement at one month (p<0-05) 
compared with control values, but this was not main- 
tained. There were, however, no significant differ- 
ences between the groups. 


RADIONUCLIDE ANGIOGRAPHY AND CHEST 
RADIOGRAPHY 
Seven of the patients were in atrial fibrillation and 
were not studied. Table 3 shows the radionuclide left 
ventricular ejection fractions at rest and during exer- 
cise. There were no significant changes in the resting 
or exercise ejection fractions within the treatment 
groups during the study. Nevertheless, the differ- 
ences between the groups for resting values alone at 
one month achieved statistical significance (p<0-05). 
The heart rate during supine exercise was significantly 
reduced in the prenalterol group compared with 
placebo at one and three months (p« 0-05) (Table 3). 
There was little change (NS) in the cardiothoracic 
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ratio in both groups during the study (Table 3). 


AMBULATORY ELECTROCARDIOGRAPHIC 
MONITORING 

Cardiac arrhythmias were often recorded in the 
absence of symptoms in both groups at entry and dur- 
ing the trial period. Nevertheless, there was no 
significant difference in the occurrence of ventricular 
arrhythmias (Lown score) during the trial between 
the treatment groups (Table 3). 


HAEMATOLOGICAL AND BIOCHEMICAL ANALYSES 
No significant changes were observed in any of the 
standard haematological or biochemical analyses dur- 
ing the study period. In particular, there were no 
changes in serum glucose, potassium, or creatinine 
concentrations. Plasma digoxin and prenalterol con- 
centrations confirmed drug compliance in all patients 
(Table 3). 


UNWANTED EFFECTS 

Table 4 shows the unwanted effects reported by 
patients. There was little difference in the incidence 
of unwanted effects between the groups. Four 
patients in each treatment group had the dose of study 
drug reduced because of unwanted effects. Digoxin 
was reduced in one patient in the placebo group and 
isosorbide dinitrate in one patient on prenalterol with 
good effect. 


Table 4 Unwanted effects 


Effects 


Cardiac: 
Increased angina pectoris 3 
Palp:tations 3 
Gastrointestinal: 
Heartburn 1 
1 
1 





Prenalterol Placebo 


= 


Nausea 
Epigastric pain 
Flatulence 
Central nervous system: 
Headache 2 
Insomnia 1 
Tiredness 1 
Depression 1 
Allergic reactions: 
Itchy eyes 1 
ег: 
Flushing 
Tinnitus 
Bizarre dreams 


WO 


ooo e о-о н 


- e es 


No statistically significant differences prenalterol vs placebo. 


Discussion 


In this study long term oral prenalterol treatment has 
been shown to be clinically beneficial, tending to 
improve symptoms and exercise tolerance in patients 
with chronic ischaemic left ventricular failure. These 
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benefits appear to have occurred in the absence of any 
detectable improvement in left ventricular perfor- 
mance and were associated with a heart rate sparing 
effect during exercise. We also noted pronounced 
placebo response. 

The selective beta, agonist, prenalterol, has been 
shown to have a significant positive inotropic effect 
when given intravenously,?2~25 and recently the ino- 
tropic effect has been confirmed during an acute oral 
dose-response study,!? and during a short term oral 
double blind crossover study against placebo.!5 These 
changes have occurred in the absence of alterations in 
left ventricular preload and afterload. The improve- 
ment in exercise capacity which we found provides 
some indirect evidence of a positive inotropic effect, 
which was not detected by radionuclide angiography. 
Small changes in left ventricular ejection fraction are 
difficult to detect in patients with dilated poorly con- 
tracting hearts but could be of clinical importance. 
The lack of correlation between exercise capacity and 
left ventricular ejection fraction has been well 
documented in patients with left ventricular fail- 
ure,?627 and compensatory mechanisms have been 
suggested to explain this.28 

Chronic treatment with beta agonists could possibly 
produce tachyphylaxis owing to activation of the 
renin-angiotensin system?’ and “down regulation" of 
beta receptors.3° It is interesting that we did not 
observe such tachyphylaxis. There was a small but 
insignificant weight gain in the prenalterol group. 
Nevertheless, none of these patients developed 
oedema or other symptoms of fluid retention, and we 
have attributed this increase in weight gain to the 
improved appetite and general well being observed 
during prenalterol treatment. Another possible disad- 
vantage of beta stimulation is induction of cardiac 
arrhythmias and angina. We found no evidence that 
ventricular arrhythmias increased in the prenalterol 
group, and only two patients were withdrawn from 
the study because of increasing angina; both were tak- 
ing placebo. 

The attenuation in heart rate on maximal and sub- 
maximal exercise could have been the main way in 
which benefit was produced.?! This attenuation was 
similar to that observed with conventional beta 
blocker treatment, even in patients with cardiac fail- 
ure? This leads us to propose that prenalterol 
reduces exercise heart rate by partial beta blockade. 
Consequently, the theoretical disadvantage of a full 
beta agonist—namely, increased myocardial oxygen 
demand—would be prevented. Indeed analysis of the 
rate-pressure product which approximates to myocar- 
dial oxygen consumption?) is in keeping with this 
view. It may also explain our observation that the 
incidence of angina was not increased and that few 
arrhythmias were encountered. The finding that pre- 
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nalterol did not depress left ventricular performance 
supports the fact that it is not a full beta blocker.?? 

The observed clinical improvement in 10 patients 
in the placebo group warrants further comment. This 
was perhaps due to the extra interest shown in the 
patients. They were severely limited by symptoms 
despite maximal conventional treatment and conse- 
quently were grateful for any hope offered by trial 
treatment. Compliance in such patients is usually 
excellent and was confirmed in this study. 

Our study was designed to determine whether pre- 
nalterol produced improvement in exercise tolerance 
in patients with severe resistant heart failure. This 
assessment was used as an objective way of determin- 
ing quality of life. The results show a definite trend 
towards improvement. The fact that evidence of 
improvement in left ventricular performance was 
lacking does not detract from the results. 

Two placebo controlled studies have recently 
reported that prenalterol was of little benefit.34 35 
Why are our findings different? In both of these 
studies several of the patients had cardiomyopathy 
with normal coronary arteries or left ventricular fail- 
ure of unknown origin, and some of the patients were 
in NYHA class IV. In contrast, all our patients had 
left ventricular failure of ischaemic origin and class IV 
patients were specifically excluded so that we studied 
a more homogenous group of patients. Additionally, 
the greater number of patients in our study may have 
enabled us to observe changes not apparent in the 
small groups of Lambertz (n=16)34 and Currie 
(n—6).?5 The dose of prenalterol used in the Lam- 
bertz study?4 was lower than that which we used with 
resulting serum concentrations approximately half of 
those we obtained. In Currie's study?5 the treatment 
period was short so that it would have missed the 
clinical benefits which became apparent in our study 
after three months' treatment. 

In conclusion, we found that prenalterol was well 
tolerated and no serious unwanted effects were 
observed. It appeared to be tolerated well in patients 
with angina as well as dyspnoea. The chronic effect of 
this partial beta, agonist on the myocardial beta, 
receptors and on the circulating endogenous 
catecholamines should be investigated to further 
elucidate its mode of action. Partial beta, agonist 
treatment appears to be of benefit in patients with 
ischaemic failure who are symptomatic despite maxi- 
mal conventional treatment. 


We thank Dr R A Elton, Edinburgh University, for 
Kindly providing the statistical advice, and Dr B Tip- 
lady, Astra Clinical Research Unit, for performing the 
data analysis, Astra Clinical Research Unit, Edin- 
burgh, for generous financial support, and AB Hassle, 
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SUMMARY Electrocardiogram gated single photon emission computed tomography of the intracar- 
diac blood pools is a recent development that involves the acquisition of images in multiple projec- 
tions after in vivo erythrocyte labelling with technetium-99m and reconstruction of these images into 
tomographic sections in any desired plane. The technique was used in 25 subjects to measure left 
ventricular volume, by summing the areas of the ventricle in each of the tomographic sections, and 
the results compared with those using a counts based (non-geometric) technique from planar 
radionuclide ventriculography. Endocardium was defined with the aid of a contour at 4396 of 
maximum left ventricular counts, and this contour was validated for a left ventricular phantom. 
Correlation between tomographic and counts based left ventricular volume was close. Similarly, 
ejection fraction correlated well. The technique is therefore an accurate method for determining left 
ventricular volume and ejection fraction, avoiding the assumptions about shape made by other 


geometric methods. 


The size of the cardiac shadow on a chest x ray film is 
one of the most commonly used indices of cardiac 
function since it reflects principally the volume of the 
cardiac chambers. Because of the complex geometry 
of the heart, however, it is difficult to determine these 
volumes accurately. The recent development of the 
technique of electrocardiogram gated blood pool 
single photon emission computed tomography pro- 
vides a geometric method for determining left ven- 
tricular volume, making no assumptions about the 
shape of the ventricle, and therefore promises to pro- 
vide an accurate, relatively non-invasive measurement 
of left ventricular volume. The purpose of this study 
was to establish the place of the technique by com- 
parison with a counts based radionuclide method for 
volume determination. 


Patients and methods 


GATED BLOOD POOL EMISSION TOMOGRAPHY 
After in vivo erythrocyte labelling with 740 MBq (20 
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mCi) of technetium-99m sodium pertechnetate, the 
intracardiac blood pools were imaged using an IGE 
400 Autotune ZS rotating gammacamera and Star 
computer. Thirty two views were acquired rotating 


from right anterior oblique through left anterior obli- 


que to left posterior oblique, and each view was 
acquired for one minute. Within each view two 
frames were acquired by electrocardiogram gating, at 
end diastole and at end systole, and each frame was 
100 ms duration. The time of end systole was deter- 
mined from a planar radionuclide ventriculogram as 
described below. The two sets of planar images were 
reconstructed into end diastolic and end systolic 
transaxial sections by back projection using a 
Ramp-Hamming filter with cutoff frequency 0-5,! and 
from these, oblique sections orthogonal to the long 
axis of the left ventricle were constructed. Figure 1 
shows the planes of the oblique sections. This pro- 
tocol typically acquired 3 million counts in the end 
diastolic planar images, of which 65 000 were in the 
left ventricle. Left ventricular volume was determined 
from those horizontal long axis sections that contained 
part of the ventricle (typically eight sections), and in 
these left ventricular endocardium was defined manu- 
ally with the aid of a contour at 4396 of maximum 
counts within the whole ventricle. The sum of the 
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Fig. 1 Diagram showing planes orthogonal to the long axis of 
the left ventricle used in the reconstruction of oblique blood pool 
sections, 


areas of these left ventricular sections was taken to be 
the left ventricular volume, having corrected for the 
known voxel size of the imaging system (0-26 cm?). A 
typical case is seen in Fig. 2, in which there are nine 
sections containing parts of the ventricle, and volume 
is calculated from the sum of the regions of interest 
shown. 


PLANAR RADIONUCLIDE VENTRICULOGRAPHY 

Planar equilibrium radionuclide ventriculography was 
performed in the left anterior oblique projection that 
best visualised the interventricular septum, and in 
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Fig. 2 Nine horizontal long axis sections at end diastole cutting 
the left ventricle from inferior (1) to anterior (9) walls. The 
contours drawn define the left ventricular cavity, and volume ts 
calculated from the sum of these areas (in this case 168 ml). 


3 





6 


addition 20° of caudal tilt were applied to minimise 
overlap between the left atrium and ventricle. Twenty 
four frames per cardiac cycle were acquired with elec- 
trocardiogram gating, and acquisition was for five 
minutes, providing approximately the same number 
of counts within the left ventricle at end diastole as for 
the tomographic study. Left ventricular volume was 
determined by an adaptation of the method of Links 
et al? as follows. Immediately after the acquisition a 
skin marker was placed over the centre of the left 
ventricular image, and another image was acquired at 
right angles (left posterior oblique) in order to meas- 
ure the depth of the left ventricle. A 10 ml sample of 
blood was also taken and counted under the camera to 
determine the specific activity of the blood. After 
smoothing and background subtraction, left ventricu- 
lar volume could be determined from the number of 
counts within the left ventricle using the specific activ- 
ity of the blood and the depth of the left ventricle and 
assuming a linear attenuation coefficient of 0-10 
em 6.3 


PHANTOM STUDIES 

To assess the accuracy of the different methods of 
volume determination, a phantom was used which 
consisted of a pear shaped balloon filled with a known 
volume of normal saline with a specific activity of 0:15 
MBq/ml and suspended at a depth of 10 cm within a 
tank of elliptical cross section. The tank was filled 
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Fig. 4 Phantom volumes calculated by a counts based method 


from a planar image. 


with saline of specific activity 0-015 MBq/ml, and the 
design was intended to mimic a labelled left ventricu- 
lar cavity within the thorax surrounded by back- 
ground activity. The volume of the phantom was 
determined either by summing the areas of the 
tomographic sections or from the number of counts 
within a single planar image after correction for back- 
ground activity and for attenuation. 
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STUDY POPULATION 

À total of 25 patients was studied, of whom six had no 
demonstrable cardiac abnormality, 16 coronary artery 
disease (10 with previous infarction), one valvar heart 
disease, and two congestive cardiomyopathy. 


Results 


PHANTOM EXPERIMENTS 
Figure 3 shows the results of the tomographic method 
for determining volume, and it can be seen that there 
is an excellent linear correlation over a wide range of 
volumes. The value obtained is highly dependant 
upon the contour used to define the edge of each sec- 
tion, but a contour at 4396 of maximum counts within 
the phantom gives a regression line closest to the line 
of identity. For this reason a 4396 contour was used in 
the subsequent determination of left ventricular vol- 
ume. For the sake of brevity the detailed results are 
not shown here, but the effect of different filters in the 
reconstruction of the transaxial sections was studied, 
and as expected filters with heavier smoothing gave 
higher volumes and vice versa. For instance, filtering 
with a cutoff frequency of 0-25 increased calculated 
volumes by 3% and with a cutoff frequency of 0.75 
decreased volumes by 396. 

Figure 4 shows the results of the planar counts 
based method, and again there is an excellent linear 
correlation. 


LEFT VENTRICULAR VOLUMES 

Figure 5 shows typical mid-cavity blood pool sections 
in one of the normal subjects to illustrate the quality 
of the images that was consistently obtained. 

Figure 6 correlates the tomographic and the counts 
based methods for the determination of left ventricu- 
lar volume, and both end diastolic and end systolic 
volumes are included. The individual regression equ- 
ations for each set of points are shown, and since the 
difference between these is not statistically significant 
(t=0-14, p>0-1) a single regression line has been 
drawn through all the points. Standard errors of the 
slope and intercept are 0-0032 and 6.7 respectively, 
giving 9596 confidence limits of 0-76 to 0-96 for the 
slope and of 12 to 34 for the intercept. The line of 
identity lies only just outside these limits. From visual 
inspection of the data, it appears that the slope is less 
than 1 either because low volumes are overestimated 
slightly by the tomographic method or because they 
are underestimated by the counts based method. This 
is discussed below. 

Given both end diastolic and end systolic volumes, 
it is-possible to calculate ejection fraction, and Figure 
7 correlates tomographic ejection fraction with that 
from the planar study. Again a good correlation is 
obtained, with a regression line not significantly dif- 
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Fig.5 (а) Short axis, (b) horizontal long axis, and (c) vertical 

long axis electrocardiogram gated blood pool sections їп a normal 
subject. RA, right atrium; LA, left atrium; RV, nght ventricle; 
LV, left ventricle; Desc Ao, descending aorta. 
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Fig.6 Left ventricular volumes calculated tomographically 
correlated with counts based volumes from a planar radionuclide 
ventriculogram. ( &) end diastolic volumes, (©) end systolic 
volumes. The dashed line 1s the line of identity and the solid line 
the linear regression line through all the points. The individual 
regression lines are: end diastole, y=0-71x +55 (r=0-85), end 
systole, y=0-71x+22 (r=0-88). 


ferent from the line of identity. 


Discussion 


INVASIVE TECHNIQUES 
The importance and difficulty of determining left ven- 
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tricular volume can be judged by the length of its 
history, which goes back at least 70 years.* Methods 
based on x ray contrast ventriculography have been 
extensively studied and rely on measurements made 
from either a biplane or a single plane ventriculogram 
and assume that the left ventricle is the shape of an 
ellipsoid or of a prolate spheroid respectively. The 
method first proposed by Chapman et al5 is very simi- 
lar to that used in this study in that the areas of sec- 
tions through the left ventricle are summed. This 
method, however, was too tedious for routine use and 
was eclipsed by the methods of Arvidsson* and Dodge 
et al’ in which the minor axes of the ellipsoid are 
either measured directly or calculated from the pro- 
jected area of the left ventricle. Adaptation of the 
technique for single plane ventriculograms* ° and for 
oblique biplane ventriculograms!? has been success- 
ful, and the subject has been well reviewed.!! !2 

The major problem of all these methods, however, 
is that it is necessary to assume a shape for the left 
ventricle, and this assumption is always incorrect to a 
greater or lesser extent. Volumes calculated by these 
methods must therefore be suspect, especially for ven- 
tricles of irregular shape. In addition, the effect of 
rapid injection of contrast medium into the left ven- 
tricle is unknown, and there is dispute whether it 
affects volume!? or not.'? Reason predicts that there 
will be a change in volume over the few contractions 
after injection, which will depend on the volume and 
rate of injection and maybe on the timing of injection 
with respect to the cardiac cycle. 


RADIONUCLIDE TECHNIQUES 
The above techniques can be applied to a radionuclide 
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Fig.7 Tomographic left ventricular ejection fraction correlated 
with the counts based ejection fraction from a planar radionuclide 
ventriculogram. The linear regression line is shown. 
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ventriculogram,!^!5 but the relatively poor spatial 
resolution dictates that non-geometric methods will 
be better for planar radionuclide studies.!9 Left ven- 
tricular volume can be calculated non-geometrically 
either from a first pass radionuclide ventriculo- 
gram,!7^!? or from an equilibrium radionuclide ven- 
triculogram.2??! The equilibrium techniques equate 
counts within the left ventricular image to volume and 
so make no assumption about shape, but they do suf- 
fer from the problem of attenuation of counts by sur- 
rounding structures.2223 This problem can be over- 
come in different ways,??^?5 and we use a mod- 
ification of the technique of Links et al,? in which 
attenuation is estimated in each patient by measuring 
the depth of the left ventricle and an attenuation 
coefficient is assumed. This method has been shown 
to correlate closely with volumes determined by single 
plane x ray contrast ventriculography. In contrast to 
Links et al, however, we used an attenuation 
coefficient of 0- 10 cm"! , which is closer to reality than 
the theoretical value for water of 0-15 cm^!,? which 
pertains to attenuation of a narrow beam of photons 
by an infinitely thin section of water. Unfortunately, 
attenuation varies between individuals, and this is the 
most important source of error in this technique. 


ECHOCARDIOGRAPHIC TECHNIQUES 

Planar radionuclide methods for the determination of 
left ventricular volume overcome the geometric prob- 
lems of contrast ventriculography by equating counts 
to volume, but it is also possible to overcome them by 
making multiple measurements in three dimensions. 
The tomographic method used in this paper is such a 
method, and its advantage is that it makes no assump- 
tions about the shape of the left ventricle, except that 
it can be represented by the sum of a series of tomo- 
graphic sections. Cross sectional echocardiography 
can also image multiple sections through the heart and 
has been used to measure left ventricular volume.?¢ 27 
Unfortunately, this is of limited applicability at pres- 
ent for several reasons. Firstly, a complex mechanical 
arm is required for the ultrasound transducer in order 
to record the position of each section as it is imaged. 
Secondly, the short axis sections generated are not 
parallel but pivot around the transducer head, and, 
thirdly, it is not always possible to image the whole 
endocardial surface, especially at the apex. Simpler 
echocardiographic methods are available,?® but they 
al make some assumption about ventricular 
geometry. 


GATED BLOOD POOL EMISSION TOMOGRAPHY 

Single photon emission computed tomography is not a 
new technique,?? and it has been used before to 
determine organ volume.3? It is only recently, how- 
ever, that commercially available computers have 
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been able to handle electrocardiogram gated emission 
tomography, and so allow tomographic imaging of the 
intracardiac blood pools,3!~33 and application of the 
technique to the determination of left ventricular vol- 
ume has been limited.?? 34 There are of course prob- 
lems to be overcome, but the three dimensional rep- 
resentation of the left ventricle obtained suggests that 
it should become the most direct and accurate method 
for measuring left ventricular volume. 

We have used the horizontal long axis sections to 
determine volume since in these sections the left ven- 
tricular contours are easiest to define. The basal short 
axis sections can be difficult because of the proximity 
of the left atrium and aorta, and the septal vertical 
long axis sections can be difficult because of the prox- 
imity of the right ventricle. Even in the horizontal 
long axis sections it can sometimes be difficult to 
define the base of the left ventricle, although the posi- 
tion of the mitral and aortic valves can be decided by 
reviewing all the available sections. It was possible in 
all our patients to calculate left ventricular volume, 
whereas Nixon et al found only nine of 16 subjects 
suitable for echocardiographic volume  measure- 
ments.?7 

A second problem is the choice of contour to use for 
definition of the endocardium. The phantom experi- 
ments show that for the system of acquisition and 
processing used here 4396 of maximum counts within 
the phantom gives best results. This value will, how- 
ever, change for different processing methods, and in 
particular we have shown how back projection, using 
a filter that produces heavier smoothing, leads to 
apparently greater volumes. Tauxe et al found a 4596 
contour to give the best results for volumes less than 1 
litre,3° but it is not surprising that the best contour 
will vary with the processing system used. It will also 
vary with volume, and below approximately 100 ml a 
higher percentage contour may be needed since the 
relatively poor spatial resolution of emission tomogra- 
phy *'smears out” the images and in particular makes 
small objects appear larger.35 This most likely 
explains why the tomographic volumes at end systole 
are slightly larger than the counts based volumes, 
whereas there is much better agreement at end 
diastole. 

It has also been assumed that the best contour to 
use is independent of scattering, and, although Tauxe 
et al found different scattering media around a phan- 
tom to make little difference to calculated volume,?° 
our experience is different. Our phantom was sur- 
rounded by water which will have different scattering 
properties from the soft tissue, lung, and bone sur- 
rounding the left ventricle, and this may have some 
effect. In addition, the best contour to use may vary 
with the shape of the object studied.?? 

Finally, it is relevant to consider whether 100 ms 
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frames are sufficiently short to determine the volume 
of a moving object accurately. Hamilton et a] have 
shown that in planar radionuclide ventriculography, 
at 100 ms per frame, end diastolic volume is underes- 
timated and end systolic volume is overestimated by 
approximately 696.36 This, however, is for a counts 
based method, and for a geometric tomographic 
method the errors will not be so great, particularly at 
end diastole. This problem could be overcome by 
reducing frame duration, but this would mean longer 
acquisition times for an equivalent number of counts. 


This study was supported by a grant from the Sir 
Jules Thorn Charitable Trust. 


References 


1 Budinger TF, Gullberg GT. Transverse section recon- 
struction of gamma-ray emitting radionuclides in 
patients. In: Ter-Pogossian MM, Phelps ME, Brownell 
GL, Cox JR Jr, Davis DO, Evens RG, eds. Reconstruc- 
tion tomography in diagnostic radiology and nuclear 
mati: Baltimore: University Park Press, 1977: 318- 

1. 

2 Links JM, Becker LC, Shindledecker JG, et al. Meas- 
urement of absolute left ventricular volume from gated 
blood pool studies. Circulation 1982; 65: 82—91. 

3 Hutton BF, Bautovich G, Bailey D, Fulton R, Patterson 
H, Cook P. Towards absolute cardiac chamber 
measurement—direct measure of attenuation by two 
methods [Abstract]. Eur F Nucl Med 1984; 9: A48. 

4 Geigel R. Die klinische Verwertung der Herzsilhouette. 
MMW 1914; 61: 1220-1. 

5 Chapman CB, Baker O, Reynolds J, Bonte FJ. Use of 
biplane cinefluorography for measurement of ventricular 
volume. Circulation 1958; 18: 1105-17. 

6 Arvidsson H. Angiocardiographic determination of left 
ventricular volume. Acta Radiologica 1961; 56: 321-39. 

7 Dodge HT, Sandler H, Ballew DW, Lord JT Jr. The 
use of biplane angiocardiography for measurement of left 
ventricular volume in man. Am Heart F 1960; 60: 762— 
76. | 

8 Sandler Н, Dodge HT. The use of single plane angiocar- 
diograms for the calculation of left ventricular volume in 
man. Ат Heart F 1968; 75: 325-34. 

9 Kennedy JW, Trenholme SE, Kasser IS. Left ventricu- 
lar volume and mass from single-plane cineangio- 
cardiogram. А comparison of anteroposterior and right 
anterior oblique methods. Am Heart ў 1970; 80: 343-52. 

10 Wynne J, Green LH, Mann T, Levin D, Grossman W. 
Estimation of left ventricular volumes in man from bi- 
plane cineangiograms filmed in oblique positions. Am ў 
Cardiol 1978; 41: 726-32. 

11 Soloff LA. On measuring left ventricular volume. Am 7 
Cardiol 1966; 18: 2—5. 

12 Dodge HT, Sandler H, Baxley WA, Hawley RR. Use- 
fulness and limitations of radiographic methods for 
determining left ventricular volume. Ат 7 Cardiol 1966; 
18: 10-24. 

: 13 Miller GAH, Swan HJC. Effect of chronic pressure and 


221 


volume overload on left heart volumes in subjects with 
congenital heart disease. Circulation 1964; 30: 205-16. 

14 Van Dyke D, Anger HO, Sullivan RW, Vetter WR, 
Yano Y, Parker HG. Cardiac evaluation. from 
radioisotope dynamics. 7 Nucl Med 1972; 13: 585-92. 

15 Steele PP, Van Dyke D, Trow RS, Anger HO, Davies 
H. Simple and safe bedside method for serial measure- 
ment of left ventricular ejection fraction, cardiac output, 
and pulmonary blood volume. Br Heart F 1974; 36: 
122331. 

16 Massie BM, Kramer BL, Gertz EW, Henderson SG. 
Radionuclide measurement of left ventricular volume: 
comparison of geometric and counts-based methods. Cir- 
culation 1982; 65: 725-30. 

17 Ishii Y, MacIntyre WJ. Measurement of heart chamber 
volumes by analysis of dilution curves simultaneously 
recorded by scintillation camera. Circulation 1971; 44: 
37-46. 

18 Harpen MD, Dubuisson RL, Head GB III, Parmley LF, 
Jones TB, Robinson AE. Determination of left ventricu- 
lar volume from first-pass kinetics of labeled red cells. ў 
Nucl Med 1983; 24: 98-103. 

19 Nickel O, Schad N, Andrews EJ Jr, Fleming JW, Mello 
M. Scintigraphic measurement of left-ventricular vol- 
umes from the count-density distribution. 7 Nucl Med 
1982; 23: 404—10. 

20 Slutsky К, Karliner J, Ricci D, et al. Left ventricular 
volumes by gated equilibrium radionuclide angiography: 
a new method. Circulation 1979; 60: 556-64. 

21 Dehmer GJ, Lewis SE, Hillis LD, et al. Nongeometric 
determination of left ventricular volumes from equilib- 
rium blood pool scans. Am 7 Cardiol 1980; 45: 293-300. 

22 Burow RD, Wilson MF, Heath PW, Corn CR, Amil A, 
Thadani U. Influence of attenuation on radionuclide 
stroke volume determinations. ў Nucl Med 1982; 23: 
781-5. 

23 Starling MR, Dell'Italia LT, Nusynowitz ML, Walsh 
RA, Little WC, Benedetto AR. Estimates of left- 
ventricular volumes by equilibrium radionuclide angio- 
graphy: importance of attenuation correction. ў Nucl 
Med 1984; 25: 14—20. 

24 Bourguignon MH, Shindledecker JG, Carey GA, et al. 
Quantification of left ventricular volume in gated equilib- 
rium radioventriculography. Eur ў Nucl Med 1981; 6: 
349-53. 

25 Maurer AH, Siegel JA, Denenberg BS, et al. Absolute 
left ventricular volume from gated blood pool imaging 
with use of esophageal transmission measurement. Am ў 
Cardiol 1983; 51: 853-8. 

26 Sawada H, Fujii J, Kato K, Onoe M, Kuno Y. Three 
dimensional reconstruction of the left ventricle from 
multiple cross sectional echocardiograms. Value for 
measuring left ventricular volume. Br Heart ў 1983; 50: 
438-42. 

27 Nixon JV, Saffer SI, Lipscomb K, Blomqvist CG. 
Three-dimensional echoventriculography. Am Heart 7 
1983; 106: 435-43. 

28 Kantrowitz NE, Schnittger I, Schwarzkopf A, Fitzgerald 
Р], Popp RL. Rapid, semiautomated technique for 
estimating left ventricular volume. Am Heart F 1983; 
106: 521-7. 

29 Kuhl DE, Edwards RQ. Image separation radioisotope 


222 


scanning. Radiology 1963; 80: 653-61. 

30 Tauxe WN, Soussaline F, Todd-Pokropek A, et al. 
Determination of organ volume by single-photon emis- 
sion tomography. 7 Nucl Med 1982; 23: 984—7. 

31 Maublant J, Bailly P, Mestas D, et al. Gated single 
photon emission computerized tomography (SPECT) of 
the cardiac cavities [Abstract]. ў Nucl Med 1982; 23: 
P25. 

32 Mukai T, Tamaki N, Ishii Y, et al. ECG-gated emission 
computed tomography of the cardiac blood-pool using 
rotating gamma camera [Abstract]. 7 Nucl Med 1982; 23: 
P53. 

33 Underwood SR, ЕШ Р], Jarritt PH, Emanuel RW, Swan- 
ton RH. ECG-gated blood pool tomography in the 


Underwood, Walton, Laming, farritt, Ell, Emanuel, Swanton 


determination of left ventricular volume, ejection frac- 
Пор, and wall motion [Abstract]. 7 Nucl Med 1984; 25: 
87. 

34 Phillipe L, Itti R, Tauxe WN. Tomographic assessment 
of left ventricular volumes [Abstract]. 7 Nucl Med 1982; 
23: P61. 

35 Tauxe WN, Todd-Pokropek AE. Determination of 
organ volume by single photon emission tomography 
[Letters]. 7 Nucl Med 1983; 24: 1197-9. 

36 Hamilton GW, Williams DL, Caldwell JH. Frame rate 
requirements for recording time-activity curves by 
radionuclide angiocardiography. In: Sorenson JA, ed. 
Nuclear cardiology: selected computer aspects. New York: 
Society of Nuclear Medicine, 1978: 75-83. 


Case reports 


Br Heart ў 1985; 53: 223-5 





Reactive pulmonary hypertension after a switch 
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Successful treatment with glyceryl trinitrate 
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- SUMMARY After an arterial switch operation (anatomical correction for transposition of the great 
arteries) in a 6 month old child reactive pulmonary hypertension developed six hours after car- 
diopulmonary bypass. Intravenous glyceryl trinitrate was the only means by which the pulmonary 


hypertension could be reversed. 


In patients with pulmonary hypertension due to pul- 
monary vascular disease postoperative mortality is 
appreciably increased. Episodes of acute reactive 
pulmonary hypertension have been reported after 
surgical correction of several congenital cardiac 
abnormalities.!2 To prevent a fatal outcome of these 
episodes prompt treatment with vasodilating drugs 
and hyperventilation with pure oxygen is mandatory.? 
Numerous pulmonary vasodilators have been 
described, but the pulmonary response to all these 
drugs is unpredictable. Laboratory studies have 
shown glyceryl trinitrate to be an effective.pulmonary 
vasodilator.* It also lowers patients’ pulmonary artery 
pressures considerably.5 6 To our knowledge glyceryl 
trinitrate has not previously been used to treat a pul- 
monary hypertensive crisis in a child after cardiac 
surgery. We report the successful use of the drug in a 
case of reactive pulmonary hypertension after a switch 
operation for transposition of the great arteries. 


Case report 


Transposition of the great arteries with a large ven- 
tricular septal defect was diagnosed in a child on the 
day of birth. At 6 months (weight 5700 g, length 66 
cm) we decided to perform an arterial switch opera- 
tion and close the ventricular septal defect. At 
catheterisation one week before operation the follow- 
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ing pressures were found: right atrium mean 4, left 
atrium mean 5, right ventricle mean 77, aorta 72/45 
(mean 57), and left ventricle mean 72 mm Hg. The 
pulmonary artery pressure could not be ascertained 
during the investigation. The ventricular septal defect 
was closed with a double velours Dacron patch 
through the tricuspid valve; the aorta and pulmonary 
artery were transposed with reimplantation, of the 
coronary arteries into the “new” aorta." Total car- 
diopulmonary bypass time was 131 minutes, and the 
aorta was crossclamped for a single period of 78 
minutes. After the release of the aortic clamp the 
heart started beating spontaneously in sinus rhythm at 
a temperature of 24°С. 

Pressures directly after cardiopulmonary bypass 
were: right atrium mean 3, right ventricle mean 80, 
pulmonary artery 60/10 (mean 29), left atrium mean 
8, left ventricle mean 90, left ventricular end diastolic 
14, and radial artery 90/35 (mean 53) mm Hg. The 
heart rate at this stage was 150 beats/min. The sys- 
temic arterial blood gases were: pH 7-49, Paco, 3.2 
kPa (24 mm Hg), Pao, 53 kPa (400 mm Hg), base 
excess —3 mmol/l. One hour after cardiopulmonary 
bypass a 5 French gauge thermodilution Swan-Ganz 
catheter was introduced percutaneously via the 
internal jugular vein. The pressures were: right 
atrium mean 6, right ventricle 60, pulmonary artery 
26/15 (mean 21), pulmonary artery wedge and left 
atrium mean 9, radial artery pressure 90/33 (mean 54) 
mm Hg. 

About 20 minutes later the chest had to be 


223 


224 


reopened because of signs of cardiac tamponade. 
Inappropriate clotting with diffuse bleeding was 
found. In the four hours before the chest could be 
safely closed again fresh frozen plasma, platelets, and 
one litre of fresh blood were transfused. During the 
whole of this period the pulmonary arterial systolic 
pressure was 40-75% of the systemic arterial systolic 
pressure. 

Six hours after the bypass procedure a steady but 
severe increase in the pulmonary arterial pressures 
was noted over a period of 20 minutes. The pulmon- 
ary artery pressure rose to 123/75 (mean 96) mm Hg, 
and the systemic pressure at this stage was 112/60 (83) 
mm Hg. The heart rate (163 beats/min) and cardiac 
index (5-0 1/min/m?) remained essentially unchanged. 
Systemic arterial blood gases were normal: pH 7-44, 
Paco, 5 kPa (40 mm Hg), Pao, 35 kPa (259 mm Hg), 
base excess +4 mmol/l. The oxygen saturations were 
68, 72, and 96% in the superior vena cava, pulmonary 
artery, and radial artery respectively. Serum glucose 
and calcium concentrations were normal. Hyperventi- 
lation with pure oxygen, injection of 7 ug/kg fentanyl 
and 0-7 ug/kg isoprenaline intravenously, and injec- 
tion of 1 ug/kg prostaglandin E, directly into the 
pulmonary artery all had no effect on pulmonary 
hypertension. A bolus injection of 10 pg glyceryl 
trinitrate intravenously lowered the pulmonary artery 
pressure to 74/49 (57) mm Hg without lowering the 
systemic pressure. This favourable change was main- 
tained by a continuous infusion of glyceryl trinitrate 
12 ug/kg/min. Thirty six hours later it was decreased 
and stopped 72 hours postoperatively. During this 
period the pulmonary arterial systolic pressure never 
rose above 7096 of the systemic arterial systolic pres- 
sure and gradually decreased to 4096. The cardiac 
index remained between 3-7 and 4-6 l/min per m?. On 
the fourth postoperative day he was extubated and 10 
days later discharged home without any further post- 
operative complications. 


Discussion 


Pulmonary hypertension often occurs in patients with 
cardiac disease associated with an appreciable increase 
in pulmonary blood flow.? The increased flow stimu- 
lates the growth of muscle fibres in the pulmonary 
artery. Before irreversible pulmonary hypertension 
develops three histological components are present: 
increased muscularity of the small pulmonary 
arteries, hyperplasia of the intima, and a decrease in 
the number of intra-acinar arteries.? 

Histological studies have indicated that the reac- 
tivity of the pulmonary vascular bed to vasoconstric- 
tor agents is noticeably increased in these precon- 
ditioned ^ arteries.29- !! Hypoxia, acidosis, 
hypercapnia, microatelectasis, ?!? hyperinflation," 
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cold environment,!* aspiration; and, especially in 
neonates, hypocalcaemia, hypoglycaemia, ог 
polycythaemia? may all act as stimuli for reactive 
pulmonary vasoconstriction to develop postopera- 
tively. Pulmonary hypertension may accompany 
episodes of systemic hypertension during light general 
anaesthesia.!5 Acute pulmonary hypertension may 
occur during withdrawal from cardiopulmonary 
bypass or after withdrawal of ventilatory support but 
also without any obvious cause during apparently 
optimal ventilation.! 2 16 

None of the above known stimuli was present in 
our patient. Detachment of the ventricular septal 
defect patch was a consideration but could be ruled 
out as there was no appreciable increase in the oxygen 
saturation between the right atrium and the pulmon- 
ary artery. Administration of one litre of blood could 
have led to the development of pulmonary hyperten- 
Sion by infusion of microaggregates, but the blood 
was less than 12 hours old and therefore unlikely to 
have formed microaggregates.!7 Extensive laboratory 
investigations also failed to show any sign of intravas- 
cular clotting. 

Hyperventilation with pure oxygen, fentanyl, and 
isoprenaline failed to change the pulmonary artery 
pressure. Prostaglandin E, dilates the pulmonary as 
well as the systemic vessels. The effect on the 
pulmonary circulation is unpredictable! 19 and our 
patient did not respond to a relatively high dosage of 
l ug/kg infused directly into the pulmonary artery. 
Tolazoline has successfully been used in the treatment 
of pulmonary vasoconstriction,! 22° but because we 
had previously noted an equal fall in the systemic and 
pulmonary arterial pressures tolazoline was not used. 

Sodium nitroprusside and glyceryl trinitrate relax 
the musculature of both the systemic and pulmonary 
vessels. At normal dosages glyceryl trinitrate 
mainly effects the venous system without lowering the 
systemic arterial pressure unduly.55 The action of 
sodium nitroprusside on the pulmonary vessels nor- 
mally becomes effective only after considerable 
changes in systemic resistance and pressure?! 22; its 
successful use has, however, been reported in a 
patient who could not be weaned off cardiopulmonary 
bypass because of pulmonary Һурегіепѕіоп.!6 

Methaemoglobinaemia can be a complication of 
treatment with intravenous glyceryl trinitrate. At 
infusion rates of less than 7 yg/kg/min the 
methaemoglobin concentration, normally less than 
1 g/dl, does not exceed 2 g/d1.23 The maximum dosage 
used in our patient was 12 ug/kg/min, at which rates it 
may be advisable to monitor methaemoglobin con- 
centrations. The extent to which the ratio between the 
pulmonary and systemic arterial pressures should be 
lowered postoperatively is not known. In a retrospec- 
tive study of ventricular septal defects it appeared that 
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a preoperative ratio of «0-45 was associated with the 
lowest postoperative mortality.24 Increases in the 
pulmonary arterial pressure >60% of the systemic 
arterial pressure have been reported to be dangerous 
and should be lowered if possible.?5 

Treatment of reactive pulmonary hypertension 
must be prompt to prevent acute dilatation and failure 
of the right ventricle.! Glyceryl trinitrate has been 
found to be an effective pulmonary vasodilator, and 
we think that its use should probably be rec- 
ommended in preference to other more generally used 
drugs because a minimal and predictable effect on the 
systemic pressure is achieved while cardiac output is 
increased. 
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Unruptured right coronary sinus to left ventricle 
aneurysm diagnosed by cross sectional 


echocardiography 
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SUMMARY A 37 year old Chinese man presenting with features of chest infection was diagnosed as 
having severe aortic regurgitation. Cross sectional echocardiography showed an intact right coronary 
sinus of Valsalva aneurysm, which protruded into the left ventricle. The changes in appearance of 
the aneurysm during the cardiac cycle were recorded by cross sectional echocardiography. The 
opening of the aneurysm was successfully closed and the aortic valve replaced with a mechanical 


prosthesis. 


Although uncommon, a sinus of Valsalva aneurysm is 
a well known clinical entity. Most aneurysms of the 
sinus of Valsalva originate in the right coronary sinus 


and penetrate into either the right ventricle ог 


atrium.!? An aneurysm of the right coronary sinus 
which extends into the interventricular septum and 
protrudes into the left instead of the right ventricle is 
exceedingly rare. To our knowledge, only a few cases 
have been reported.? Of the patients reported, all had 
ruptured aneurysms except one.? Recently, we 
encountered a patient with severe aortic regurgitation 
Secondary to an unruptured right coronary sinus 
aneurysm, which extended into the left ventricular 
outflow tract and protruded against the ostium of the 
left ventricle. The aortic sinus aneurysm was diag- 
nosed by cross sectional echocardiography and subse- 
quently confirmed by angiography and at operation. 
Because of the rarity of the anatomical anomaly and 
because the cross sectional echocardiographic features 
of such an aneurysm have not been described before, 
we report this case. 


Case report 


А 37 year old Chinese man was admitted to hospital in 
December 1983 with progressive exercise intolerance 
during the past two moriths and a cough of two weeks' 
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duration. The cough produced yellowish sputum, 
which was occasionally blood streaked. He was afeb- 
rile, and there was no history of notable past illnesses. 
At physical examination on admission his ‘general 
condition was satisfactory. There was no evidence of 
congestive heart failure. His blood pressure was 140/ 
50 mm Hg and his pulse 90 beats/min, regular, and 
collapsing in character. The heart was enlarged with a 
left ventricular impulse, and the apex beat was in the 
sixth intercostal space 2 cm lateral to the mid- 
clavicular line. A 3/6 ejection systolic and an early 
diastolic murmur were heard along the left sternal 
border. Coarse inspiratory and expiratory crackles 
were present over the right lung base. Laboratory 
data showed no abnormalities. The electrocardiogram 
showed sinus tachycardia and features of left ventricu- 
lar hypertrophy. A chest radiograph showed car- 
diomegaly (cardiothoracic ratio 0-61) and diffuse 
mottling over the right lung. 

Echocardiography indicated a grossly dilated left 
ventricle (left ventricular end diastolic dimension 7-5 
cm and end systolic dimension 5-5 cm). The aortic 
root was 3 cm in diameter, and the aortic valve had 
three cusps. А 2 cm lobulated pulsating mass domi- 
nated the subaortic area and was readily seen in the 
parasternal long axis and short axis views as well as in 
the apical four chamber view (Fig. 1). The mass 
extended from the region of the right coronary cusp to 
the adjoining interventricular septum. In the para- 
sternal long axis view it enlarged during diastole and 
descended into. the left ventricle during diastole and 
moved towards the anterior leaflet of the opened 
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Fig. 1 


four chamber view 


mitral valve. At end diastole it almost filled the left 
ventricular outflow tract (Fig. la). In systole it con- 
tracted down and almost disappeared at end systole 
(Fig. 1b). The mitral valve moved normally, and dias- 
tolic fluttering of the anterior leaflet was evident. The 
cross sectional echocardiographic features were com- 
patible with severe aortic regurgitation, and we 
thought that the pulsating mass could be an unrup- 
tured aneurysm of the right coronary sinus of Val- 
salva. 

In view of the clinical and radiographic features of 
concomitant chest infection, the patient was treated 


Cross sectional echocardiograms of the unruptured right coronary sinus of Valsalva aneurysm in (a) the parasternal long axis 
view at end diastole; (b) the parasternal long axis view at end systole; (c) and (d) the parasternal short axis views and (e) the артса! 
A, aneurysm; Ao, aorta; LA, left atrium; LV, left ventricle; RV, right ventricle; IVS, interventricular septum; 
MV, mitral valve; AML, PML, anterior and posterior mitral leaflets respectively; LMCA, left main coronary artery 


with erythromycin after sputum samples were taken 
for bacterial, including mycobacteria, and viral cul 
ture. Nevertheless, all cultures yielded no growth, 
and there was no improvement in his chest radiograph 
after four weeks. Bronchoscopy with a fibreoptic 
bronchoscope did not show any endobronchial lesion. 
Cultures of bronchial aspirates were also negative. A 
transbronchial biopsy specimen showed features of 
organising pneumonia. He was then given a course of 
intravenous tobramycin and cefotaxime empirically 
The radiographic mottling in the right lung field 
gradually resolved over the following three weeks 
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Fig. 2 Angiogram of aortic root in the right anterior oblique 
view. There is filling of the aneurysm and aortic regurgitation. 


While awaiting further investigation and cardiac 
surgery he developed acute left heart failure and pul- 
monary oedema. This was successfully controlled 
with a diuretic and a vasodilator. Repeated echocar- 
diographic examination showed similar features with 
further left ventricular dilatation and development of 
premature closure of the mitral valve. Immediate car- 
diac catheterisation showed a mean pulmonary artery 
pressure of 40 mm Hg, a mean pulmonary artery 
wedge pressure of 34 mm Hg, and a left ventricular 
end diastolic pressure of 24 mm Hg. The cardiac 
index was 1:44 l/min per m?. No pressure gradient nor 
intracardiac shunt were found. A cineangiogram (Fig. 
2) confirmed severe aortic regurgitation and the pres- 
ence of an unruptured aortic sinus aneurysm. 


OPERATIVE FINDINGS AND REPAIR 

Surgery was performed with the aid of cardiopulmo- 
nary bypass and cold chemical cardioplegia. Except 
for the severe left ventricular hypertrophy, the heart 
and great vessels were normal externally. At aor- 
totomy the aortic valve consisted of three cusps, the 
left and non-coronary cusps being slightly thickened 
and near normal size. The right coronary cusp was 
small, fibrotic, and centrally displaced. This small 
deformed cusp was probably the cause of the aortic 
regurgitation. А 15 x 10 mm opening was present in 
the left and central parts of the right coronary sinus of 
Valsalva. It was bounded posteromedially by the dis- 
placed right coronary cusp and anterolaterally by the 
aortic wall. It appeared as if the aortic valve annulus at 
the right coronary sinus had been detached from the 
aortic wall. This opening led to a lobulated, smooth 
surface cul de sac in the interventricular septum. 
When this sac was filled with fluid it bulged into the 
left ventricle towards the anterior leaflet of the mitral 
valve. The coronary ostia were normal, and there was 
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no other abnormality at the aortic root. Ап attempt 
was made to reattach the displaced right coronary 
cusp to the aortic wall. Nevertheless, this further dis- 
torted the aortic valve, which was then excised. The 
remnant of the right coronary cusp was sutured to the 
aortic wall by several horizontal mattress sutures but- 
tressed with teflon felt pledgets. This removed the 
aneurysm completely from the aortic root. A 25A 
Medtronic Hall valve was then sutured in the sub- 
coronary position. The heart was defibrillated without 
difficulty and resumed normal function. The right 
pleural cavity was explored through the sternotomy 
incision, and one litre of straw coloured fluid was 
sucked out. The right lung appeared to be oedemat- 
ous but otherwise normal. The patient was returned 
to the intensive care ward in a satisfactory condition. 

Thirty six hours after the operation, he developed 
recurrent ventricular tachycardia and episodes of 
transient complete heart block. Each episode of 
arrhythmia was accompanied by low cardiac output. 
The arrhythmia was finally controlled with intraven- 
ous amiodarone and temporary atrial pacing. Acute 
renal failure developed, which was treated with 
haemodialysis. He gradually recovered and was dis- 
charged from hospital one and half months after the 
operation. At follow up one month later he was 
asymptomatic, and repeated  echocardiographic 
examination showed only a dilated left ventricle with a 
normal functioning aortic prosthetic valve. 


HISTOPATHOLOGY 

Histopathological examination of the excised aortic 
valve cusps showed patchy hyalinisation and areas of 
myxomatous change particularly of the fibrosa. The 
appearance suggested a degenerative lesion. Biopsy 
of the aortic wall showed hyalinised thickening of the 
intima, and the media appeared to be deficient in one 
part of the section. Right lung biopsy showed moder- 
ate congestion, patchy fibrosis particularly of inter- 
lobular regions, and patchy thickening of interalveo- 
lar septa with mild sclerosis of small vessels. Sub- 
pleural fibrosis with infiltration by lymphocytes, 
plasma cells, and some macrophages was also present. 
The features were those of moderate passive conges- 
tion with patchy fibrosis. 


Discussion 


Aneurysm of sinus of Valsalva is a morphological 
diagnosis and includes both congenital and acquired 
aneurysms. Acquired aneurysms are mainly due to 
syphilis, tuberculosis, or infective endocarditis. As 
pointed out by Sakakibara and Konno,? the site of 
origin and direction of dilatation of congenital aortic 
sinus aneurysms follow a definite pattern. They are 
determined by the developmental process in the 
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embryonic period. Over 9596 of aneurysms originate 
in the right coronary sinus and right part of the non- 
coronary sinus and protrude into the right ventricle or 
atrium. On the other hand, acquired aneurysms affect 
tissues at random and protrude or rupture in direc- 
tions that are inexplicable by embryology. In our 
patient, there was no clinical or pathological evidence 
of syphilis, tuberculosis, or infective endocarditis. His 
right coronary sinus aneurysm probably belonged to 
the classification of pseudoaneurysms as described by 
Sakakibara and Konno.? These aneurysms develop 
after intramural rupture of a congenital aneurysm 
with subsequent formation of a haematoma and 
organisation. What initiated the intramural rupture in 
our patient is unexplained. 

The extension of an unruptured aortic sinus aneur- 
ysm into the interventricular septum and thence into 
the left ventricle is extremely rare. Only one case has 
been reported by Metras and associates.) In their 
report they cited seven other cases seen by French 
workers, which are not available to us. They stated 
that the French workers reported that septal exten- 
Sion of an aortic sinus aneurysm might present as 
mitral regurgitation because of displacement of the 
anterior mitral leaflet. In our patient, however, the 
cross sectional echocardiograms clearly showed that 
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the unruptured right coronary sinus to left ventricle 
aneurysm would not interfere with the mitral valve 
mechanism. А very large aneurysm, especially in the 
presence of atrial fibrillation, might interfere with the 
opening of the anterior mitral leaflet. Severe aortic 
regurgitation will certainly cause premature mitral 
valve closure. Nevertheless, an unruptured aneurysm 
per se is unlikely to cause mitral regurgitation. 

With the advent and wide application of echocar- 
diography, an unruptured aortic sinus aneurysm will 
be diagnosed at the bedside and no longer be “опе of 
the silent congenital lesions to'be suspected when bac- 
terial endocarditis develops in a heart apparently pre- 
viously healthy."! 
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Myocardial infarction with normal coronary arteries 


and factor XII deficiency 
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SUMMARY À 17 year old girl had a myocardial infarction. Three days later coronary angiography 
showed an occlusive thrombus in the circumflex and anterior descending arteries. The coronary 
arteries themselves appeared to be normal, and this was confirmed at repeat angiography three 
months later. Tests of haemostasis showed a deficiency of factor XII. 


Most patients with acute myocardial infarction have 
atherosclerotic coronary disease, but subsequent 
coronary angiography sometimes does not show any 
evidence of chronic arterial obstruction.! ? Spontane- 
ous lysis of a thrombotic occlusion and resolution of 
spasm are two possible explanations for such observa- 
tions, and both have been known to cause myocardial 
infarction as a complication of coronary angiography. 
. We recently showed an occlusive thrombus by 
coronary arteriography in a 17 year old girl three 
days after acute myocardial infarction; repeat angi- 
ography three months later showed normal coronary 
arteries. Tests of haemostasis confirmed a factor XII 
deficiency, a condition that has previously been 
associated with the occurrence of spontaneous 
intravascular thrombosis.? 


Case report 


A 17 year old girl was admitted to hospital having 
vomited and collapsed at home. On admission she was 
fully conscious but complained for the first time of 
severe pain in the centre of her chest that radiated 
through to her back. She had previously been well 
with no relevant history, and there was no family his- 
tory of heart disease. She had smoked about 10 
cigarettes daily for two years but was not taking the 
contraceptive pill. 

Physical examination yielded normal results apart 
from a pulse rate of 120 beats/minute, and her blood 
pressure was 110/80 mm Hg. Serial electrocardio- 
grams showed evolving changes in the ST segment, T 
wave, and О wave typical of acute transmural 


Requests for reprints to Dr W J Penny, London Chest Hospital, 
Bonner Road, London E2 9JX. 
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inferolateral myocardial infarction. Serum aspartate 
transaminase activity rose to 166 ТОЛ (normal range 
0-18 ГОЛ) and hydroxybutyrate dehydrogenase activ- 
ity to 1108 ТОЛ (normal range 0-140 ГОЛ). Twenty 
four hours after admission she developed an apical 
third sound and crepitations at both lung bases, and 
her chest radiograph showed pulmonary oedema. 
These signs resolved after treatment with oral 
frusemide. Three days after admission she underwent 
coronary angiography and left ventriculography. 
These showed extensive lobulated filling defects in the 
left anterior descending and circumflex coronary 
arteries (Fig. 1). The left main and right coronary 
arteries were normal. The left ventriculogram showed 
extensive apical akinesia with mural thrombus. 
Treatment with warfarin was started. Her subsequent 
progress was uncomplicated, and the diuretic was 
stopped when she was discharged from hospital 10 
days after admission. . 

The possibility that a venous thrombus may have 
embolised to the coronary circulation was explored by 
cross sectional echocardiography with contrast; there 
was no evidence of right to left shunting during a 
Valsalva manoeuvre. Three months later coronary 
arteriography was repeated. The coronary arteries 
appeared to be entirely normal (Fig. 2), and the clot 
previously seen in the apex of the left ventricle had 
disappeared. The anteroapical segment, however, 
remained akinetic. Treatment with warfarin was 
stopped, and she was subsequently given aspirin 
300 mg daily and dipyridamole 100 mg thrice daily. 
A full blood count, measurement of erythrocyte 
sedimentation rate and electrolyte concentrations, and 
liver function tests yielded normal results. Tests for 
antinuclear factor were negative, and fasting lipid and 
cholesterol concentrations were normal. 
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Fig. 1 
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Coronary arteriogram three days after onset of symptoms. (а) There were lobulated filling defects (arrowheads) in the left 


anterior descending and circumflex arteries. (b) The right coronary artery was normal. (c) and (d) The left ventriculogram in the right 
anterior oblique projection in systole (c) and diastole (d) showed extensive apical akinesia with mural thrombus (arrow). 


TESTS OF HAEMOSTASIS 

Blood was taken by clean venepuncture into 3-13 96 
HEPES buffered sodium citrate at a dilution of one to 
10. Plasma rich in platelets was prepared by cen- 
trifugation at 250 g for 10 minutes and plasma low in 
platelets by centrifugation at 2000 g for 20 minutes. 
The prothrombin time was measured with British 
Comparative Thromboplastin and the kaolin cephalin 
time with a commercial kit (Diagnostic Reagents 
Limited, Thame). The thrombin time reagent was a 


mixture of thrombin and calcium chloride adjusted to 
give a control time of 10 seconds. 

Factor VIII concentration was measured by a 
method in two stages (Diagnostic Reagents Limited, 
Thame) and concentrations of factors IX, XI, and XII 
and prekallikrein were measured by one stage assays 
with known deficient plasmas as substrate.* A test 
system for the assay of high molecular weight 
kininogen was not available. Antithrombin III and 
antiplasmin concentrations were assayed by amidoly- 
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Fig. 2 Coronary arteriogram three months after myocardial infarction. (a) and (b) Coronary arteries are normal. The left 
ventriculogram in systole (c) and diastole (d) continued to show extensive apical akinesia but the mural thrombus had resolved. 


tic methods (Kabi Diagnostica, Stockholm), protein 
C by Laurell electrophoresis, and plasminogen by a 
caseinolytic method. Fibrinolytic activator was meas- 
ured by placing euglobulin precipitates on unheated 
fibrin plates and assessing zones of lysis after incuba- 
tion overnight. Platelet function tests were done in an 
axiodistogingival aggregometer with standard con- 
centrations of adenosine diphosphate, adrenaline, col- 
lagen and ristocetin. 


These investigations (Table) showed a prolonged 
kaolin cephalin time owing to a partial deficiency of 
factor XII (Hageman factor), which was 2796 of the 
control concentration. There was no evidence of 
inhibitory activity, and tests for the lupus inhibitor 
gave negative results. These findings were confirmed 
on two subsequent occasions and in an independent 
laboratory. Platelet aggregation induced Бу 
diminished adrenaline and collagen concentrations 


- Myocardial infarction with normal coronary arteries and factor XII deficiency 


Table Results of tests for haemostasis. These findings were 
confirmed on two subsequent occasions and in an independent 
laboratory 


Patient Control Normal range 


Prothrombin ratio 1:3 1 110-1-3 
“Kaolin cephalin time (s)* 60 42 35-48 
Thrombin time (s) 10 10 10-12 
Factor VII (IU/ml) 0-9 0-5-2-0 
Factor IX (IU/ml) 0-6 0.5—2-0 
Factor XI (96) 82 50-200 
Factor XII (96) 27 50-200 
Prekallikrein (Fletcher) (96) 64 50-200 
Antithrombin III (IU/ml) 0-91 0-8-1-2 
Protein C (%) 95 Not established 
Antiplasmin (%) 130 244 
Euglobulin lysis zone (mm?) 87 88 60-100 





*Equal volume mix of normal and test plasma 42 s. 


was compatible with treatment with aspirin. 
Discussion 


Our patient showed unequivocal electrocardio- 
graphic, cardiac enzyme, and angiographic evidence 
of acute myocardial infarction. Coronary angiography 
at three days showed extensive filling defects, which 
had the appearance of thrombus, in the left coronary 
circulation. The coronary arteries themselves 
appeared to be normal, and this was confirmed by 
repeat angiography three months later. 

One previous case report has described this sequ- 
ence, but the 29 year old man reported on was subse- 
quently found at necropsy, four months after angi- 
ography gave “normal” results, to have a 75% 
atherosclerotic stenosis at the site of the previous 
occlusion.’ Angiography is highly unlikely to have 
failed to detect appreciable atheromatous disease in 
the young woman we have described. 

In some cases a prolonged episode of coronary 
vasospasm may be responsible for myocardial infarc- 
tion in the absence of coronary atherosclerosis. A 
thrombotic occlusion could theoretically result from 
stasis caused by prolonged coronary spasm, and this 
was recently reported in a case of myocardial infarc- 
tion that complicated selective coronary angiogra- 
phy.® We have no evidence that spasm played a part 
in our patient. The hypothesis that spasm of the main 
left coronary artery caused thrombosis distally in its 
two branches is, however, attractive. Another remote 
possibility is that coronary spasm caused extensive 
infarction and there was subsequent embolisation 
from the mural thrombus, but this would seem to be a 
suprising coincidence. We found no evidence of a 
potential for paradoxical embolism. 

The finding of a moderate deficiency of factor XII 
was unexpected. Factor XII is important not only in 
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the intrinsic coagulation pathway but also.in plas- 
minogen dependent fibrinolysis, the kallikrein-kinin 
system, and complement activation.’ The absence of a 
tendency to bleed abnormally in most cases of factor 
XII deficiency together with the reported incidence of 
thromboembolism? ? suggests that these other reac- 
tions may be of clinical importance. Both these 
reports? ? include the evidence of reduced fibrinolytic 
capacity, but this could not be shown in our patient. 
At least two cases of myocardial infarction in patients 
with factor XII deficiency have been reported,’ !? but 
both patients were middle aged and probably had 
coronary artery disease. 

In reports of myocardial infarction with subse- 
quently normal coronary arteries the aetiology of the 
presumed thrombotic occlusion has not been known 
except when it has complicated coronary angiography 
and has been caused by a catheter.$ An analysis of 
conventional risk factors has implicated smoking 
induced thrombosis,!! but this has not been an impor- 
tant risk factor in other series,!? and, although factor 
XII deficiency could theoretically be relevant in our 
patient, the association might be coincidental. Long 
term follow up over many years may provide further 
clues, but the present case suggests that we need to 
extend our concept of classical risk factors in young 
patients with myocardial infarction and normal coro- 
nary arteries. 


We thank Dr R Balcon, consultant cardiologist, Lon- 
don Chest Hospital, for permission to report this case; 
and Dr P B A Kernoff, codirector of the haemostasis 
unit, Royal Free Hospital, for his help with the assays 
of prekallikrein, protein C, antiplasmin, and plas- 
minogen. 
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Accuracy of angiographic appearances of the coronary 


arteries 


Sir, 
The assertion by J Pidgeon et al (1984; 51: 125—9) that 
their findings are at variance with our observations on 
the “underfilled” coronary artery! is not entirely cor- 
rect. In our retrospective series of arteries that had 
been grafted, some vessels that were smaller than 
1-5 mm on the preoperative angiogram were patent at 
one month and appeared larger on the postoperative 
angiogram. Some were filled by visible collaterals and 
some were not. Pidgeon et al found that when vessel 
diameter alone was used as a predictive test 2696 of 
vessels thought too small were, at surgery, graftable; 
there was no postoperative assessment of these ves- 
sels. We consider that these two series are com- 
plementary, and the inference to be made is that some 
. of the graftable but angiographically small vessels of 
Pidgeon et al may well-have been “underfilled.” 
Their finding that arteries of reasonable size were 
only 85% suitable for grafting is probably due to an 
optimistic choice of critical diameter of 1 mm. Cer- 
tainly, graft survival at or below 1 mm diameter is 
very poor.2? It would be interesting to know what 
-their figures would be at 1-5 mm diameter. 


J B Partridge, 

Prince Charles Hospital, Brisbane, Australia; 
P W T Brandt, 

Greenlane Hospital, Auckland, New Zealand 
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This letter was shown to the authors, who reply as 
follows: 


We are grateful to Partridge and Brandt for their 


interest in our paper. To the extent that 27% of ves- 
sels considered small on angiographic assessment and 
which filled via collaterals were later found to be suit- 
able to receive grafts we agree that our observations 
may be complementary. The point we wished to make 
was that we also made erroneous prediction of calibre 
for normally filled branches, and our ability to predict 
lumen diameter did not deteriorate significantly for 
those filled via collaterals (predictive accuracy 8496 vs 
7896 respectively). We submit that when these vessels 
appear small on the angiogram they are still likely to 
be too small to graft at operation, although on occa- 
sions our predictions were wrong. Some of these ves- 
sels may be “‘underfilled”’ and appear inappropriately 
small on the preoperative angiogram owing to reduced 
perfusion pressure. Many collaterally filled vessels 
were only faintly opacified so that estimation of size 
becomes more difficult but is still possible with 
reasonable accuracy. In this context details of angio- 
graphic technique may be relevant.! 

Our figure for angiographic predictive accuracy in 
assessing suitability for grafting using a cut off point 
of 1-0 mm was 76%, while the comparable figure at 
1:5 mm was 73% (unpublished data). These data 
relate to the measurements of lumen diameter on the 
angiogram, and as discussed in our paper prediction 
(using a value of 1-0 mm) was better using the consen- 
sus assessment of the three angiographic observers 
(85%). Subsequent graft patency is an important issue 
but not one directly addressed in our study. It seems 
probable, and the data of Lésperance et al support 
this, that the chance of graft survival is not distributed 
in a dichotomous manner pivoted about a critical 
value for lumen diameter but varies over a range of 
values in the region of 1-0 to 2-0 mm. The choice of a 
particular value in our study is to some degree arbit- 
rary. A value of 1:2 mm was used by Gohlke et al.? 

We suggest that an attempt at grafting to a vessel of 
diameter of 1:0 mm may still be worth while, 
although we accept that the prospect of lasting 
patency is relatively diminished. The recent observa- 
tions of Levin et al? support this premise. 


J W Pidgeon, 
Broadgreen Hospital, Liverpool L14 3LB. 
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Submaximal exercise testing early after myocardial 


infarction 

Sir, 

Exercise testing after myocardial infarction has 
undoubted prognostic value.! ? Controversy remains, 
however, about both the reproducibility and sensitiv- 
ity of such tests? ^ and is compounded by differences 
in patient selection, timing, and drug treatment. 

Sullivan, Davies, and Sowton (1984; 52: 147-53) 
exercised 74 postinfarction patients and' obtained a 
positive result in 54 (7396). Twelve patients were, 
however, taking beta blocking drugs, five of these 
having a negative test and a further two being limited 
by fatigue alone. Moreover, in four beta blocked 
patients there was an inadequate blood pressure 
response to exercise. 

Others have drawn attention to the possible reduc- 
tion in sensitivity of the exercise test in patients 
receiving beta blockers,5 and in a subsequent report 
Sowton and colleagues concede that “beta blockers 
may blunt haemodynamic responses and mask 
ischaemic changes."'^ 

We have found that beta blockade invariably affects 
ST segment changes of the predischarge test, the 
degree of ST segment shift after beta blockade being 
reduced or indeed absent depending on the initial 
magnitude of such elevation/depression. End points 
may also be affected—for example, that of fatigue 
replacing those of ST changes or angina before beta 
blockade. 


Patients with myocardial infarction receiving short 
term treatment with beta blockers should therefore 
have their drugs withheld before the predischarge test 
if this is to be of optimal sensitivity. 


N Wilkes, 

J Watkins, 

St Mary's General Hospital, 
Portsmouth, Hants. 
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Notices 
British Cardiac Society 
The Annual General Meeting for 1985 will take place 


in Birmingham on 17 and 18 April 1985, and ше. 


closing date for receipt of abstracts was 8 January 
1985. On the second day of the Meeting (18 April) the 
Society, in conjunction with the Association of Physi- 
cians, will hold a one day symposium in commemora- 
tion of the bicentenary of tbe publication of William 
Withering's account of the foxglove. Only a limited 
number of places will be available for non-members, 
who should direct their inquiries to: Professor W А 
Littler, Department of Cardiovascular Medicine, East 


Birmingham Hospital, Bordesley Green East, 
Birmingham B9 5ST. н 

The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 


Doppler ultrasound in the assessment of cardiovas- 
cular function 


A one day meeting organised by the International 
Cardiac Doppler Society is to be held at the Great 
Western Royal Hotel, London W2, on 1 March 1985. 
Further information may be obtained from: Dr А M 
Salmasi, St Mary's Hospital, London W2. 
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made at the 5th International Seminar on 
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Coronary artery bypass grafting and hyperlipidaemia 


GILBERT THOMPSON,* RALPH SAPSFORD+ 


From the *MRC Lipoprotein Team and Department of Surgery, Royal Postgraduate Medical School, London 


The widespread introduction of saphenous vein graft- 
ing to bypass atheromatous lesions of the coronary 
arteries over 15 years ago! has had a profound effect 
on the management of ischaemic heart disease. It has 
been estimated that 65 000 such procedures were car- 
ried out in the United States of America during 1975,2 
and the annual rate has probably risen appreciably 
during the subsequent decade. The benefits of coro- 
nary artery bypass grafting have been the subject of 
much debate, but there is now increasing evidence 
that this procedure not only relieves symptoms but 
also increases longevity.? 


Need for grafting in hyperlipidaemic patients 


Numerous studies have shown a relation between the 
severity of angiographically assessed coronary artery 
disease and hyperlipidaemia,+ ' as judged by the age 
of onset of symptoms,*? the multiplicity of vessels 
involved," and the tendency for lesions to pro- 
gress.$!? Angiographic abnormalities are associated 
more closely with hypercholesterolaemia than with 
hypertriglyceridaemia7?!? and correlate inversely 
with the ratio between high density lipoprotein 
(HDL) cholesterol, especially its HDL, subfraction, 
and low density lipoprotein (LDL) cholesterol.!3 
Increases in LDL cholesterol and decreases in HDL 
cholesterol are each independently associated with the 
severity of disease!^ and often occur together in 


` patients with type II hyperlipoproteinaemia, espe- ` 


cially when this is due to familial hypercholes- 
terolaemia. Such individuals are known to have an 
especially high frequency of three vessel and left main 
stem disease.!5!6 In view of the evidence that coro- 
nary artery bypass grafting exerts its greatest impact 
on prognosis in just these categories of coronary artery 
disease;!7 18 this implies that the indications for carry- 
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ing out this procedure will occur relatively more often 
in hypercholesterolaemic patients than in those with 
normal serum lipid concentrations. In individuals 
with the rare homozygous form of familial hyper- 
cholesterolaemia bypass, grafts are performed 
prophylactically to minimise the hazards of the ostial 
stenosis to which they are so prone or as an accompan- 
iment to the formidable procedure which involves 
excision of the atheromatous aortic valve, enlarge- 
ment of the aortic annulus, and insertion of a Bjórk- 
Shiley prosthesis.!? 


Effect of hyperlipidaemia on saphenous vein grafts 


An early study?? suggested that grafts patent at two 
weeks occluded more frequently during the subse- 
quent year in patients whose serum triglyceride con- 
centrations were raised preoperatively or postopera- 
tively than in those with normal values. This was 
attributed to the fact that hypertriglyceridaemia tends 
to be associated with hypercoagulability, as was 
confirmed recently,?! thus predisposing to early 
thrombotic occlusion. Histological studies of grafts 
obtained at the time of reoperation or necropsy several 
years after the initial procedure showed atheromatous 
changes which were largely confined to individuals 
who remained hyperlipidaemic postoperatively.?223 А 
similar but larger study showed a five fold increase in 
the incidence of vein graft atheroma in hyper- 
lipidaemic compared with normolipidaemic individu- 
als dying 1—5 years after coronary artery bypass graft- 
ing.24 

Recently, three angiographic studies with varying 
periods of follow up have been reported. The largest 
but shortest study found that the majority of grafts 
patent at one year were unchanged three years after 
operation.?5 Progression of disease in grafts was evi- 
dent in only 1196 of 221 patients and was unrelated to 
serum cholesterol concentration. Nevertheless, a 
longer study showed progressive narrowing in 4496 of 
grafts by five years, especially in hyperlipidaemic 
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Figure Coronary angiograms of a saphenous vein graft to the left anterior descending artery showing (a) normal appearance 
at one year, (b) minimal narrowing at six years (black arrow), and (c) severe stenoses at 10 years (white arrows). (Source: 
Campeau et al? by permission of the American Heart Association, Inc.) 


patients.?* The longest follow up to date has been 
reported by Campeau et а/. 27 Of 132 grafts shown to 
be patent at 6-18 months, 38% were unchanged at 
10-12 years, 3296 had changes suggestive of athero- 
sclerosis (Figure), and 3096 had completely occluded. 
The annual occlusion rate was 2-1% during the first 
five years and 5-296 thereafter. Concentrations of 
LDL cholesterol and LDL-apoB, the significance of 
which has been discussed recently,?* were higher and 
HDL cholesterol concentrations were lower in 
patients with graft atherosclerosis than in those with- 
out.?? The functional consequences of late graft clos- 
ure are emphasised in a recent report which shows 
that the beneficial effect of coronary artery bypass 
grafting on longevity is demonstrable at seven vears 
but not after 11 years of follow up.?" 


Effects of treatment 


Data on the effects of treatment on graft patency are 
scanty and sometimes conflicting. Pantely et al 
reported the failure of antiplatelet or anticoagulant 
treatment to influence graft patency during the first 
six months after grafting’! but two subsequent studies 
showed that dipyridamole combined with a high dose 
of aspirin? or a low dose of aspirin given alone? 
significantly improved graft patency during the first 
postoperative year. Whether treatment of hyper- 
lipidaemia exerts any beneficial effects on graft survi- 
val remains to be established. The recently reported 
National Heart, Lung and Blood Institute type II 
intervention trial suggests that reducing LDL choles- 
terol and increasing HDL cholesterol concentrations 
by cholestyramine retards the progression of estab- 
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lished disease in native vessels,?* 1° and it seems prob- 
able that a similar effect could occur in vein grafts. If 
this is not the case then the likelihood is that a high 
proportion of hyperlipidaemic patients will require 
further surgery within 10 years of first receiving a 
graft, with all the risks and expense that this entails. 
For the present it would seem sensible to give anti- 
platelet treatment to all patients for at least a year 
postoperatively and to identify and treat hyper- 
lipidaemia on a long term basis. 
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Intracardiac contrast echoes during transvenous His 


bundle ablation 


EDWARD ROWLAND,* RODNEY FOALE, PETROS NIHOYANNOPOULOS, 
MICHAEL PERELMAN, DENNIS M KRIKLER 


From the Cardiovascular Unit, Hammersmith Hospital, London 


SUMMARY Two patients undergoing endocavitary ablation for resistant supraventricular tachycardia 
had cross sectional echocardiography performed during the ablative procedure. In both cases 
immediate opacification of the right heart cavities occurred at the time of the current discharge. The 
contrast effect was similar to that resulting from a peripheral venous injection of dextrose or saline 
during echocardiography for the diagnosis of intracardiac shunts. In one patient contrast echoes . 
were also seen in the left ventricle. This contrast effect may be produced by gaseous release or blood 
element destruction. The risk of embolisation in patients undergoing endocavitary ablation, particu- 
larly on the left side of the heart, should be further evaluated. 


Endocavitary ablation has recently been used in the 
control of resistant supraventricular arrhythmias.! 
DC discharge with energies of up to 500 J are deli- 
vered to the right side of the ventricular septum via a 
transvenous pacing electrode. Complete heart block is 
thereby induced by destruction of the atrioventricular 
node-His bundle or tissue in the region of this struc- 
ture.!? This procedure has also been advocated for 
the ablation of local regions of left or right ventricular 
myocardium, identified electrophysiologically to be 
responsible for ventricular tachycardia.? 

The energies produced by this current discharge 
result in a transient rise in temperature and pressure* 
with presumably additional electrolytic effects. One 
or more of these effects may be responsible for the 
local destruction of myocardial or conducting system 
tissue. The changes that these transient physical alter- 
ations induce in blood within the ventricular cavities 
may include gaseous release or blood element destruc- 
tion. If produced by current discharge, small particles 
may therefore represent a potential risk for embolism 
to the small vessels of the pulmonary or systemic cir- 
culation. 

Cross sectional echocardiography has been previ- 
ously used to detect contrast echoes when small 
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particles—in this case gas bubbles produced by sys- 
temic venous injection—follow abnormal intracardiac 
blood flow patterns in conditions such as atrial septal 
defect.5 We report the use of cross sectional echocar- 
diography to characterise the effect of endocavitary 
current discharge on the intracardiac blood pool in 
two patients undergoing His bundle ablation. 


Patients and methods . 


Two patients, aged 38 years (case 1) and 43 years (case 
2), underwent His bundle ablation because of symp- 
tomatic paroxysmal atrial fibrillation which had 
proved unresponsive to medical treatment. Neither 
patient had identifiable structural heart disease, and at 
the time of study the foramen ovale was considered 
closed. Under general anaesthesia and with muscle 
relaxation a standard temporary transvenous electrode 
(USCI 6F Tripolar) was introduced into the right ven- 
tricle via the femoral vein. The electrode was 
positioned adjacent to the His bundle so that a stable 
unipolar His bundle electrogram of at least 0-25 mV 
was recorded. A total of six DC discharges (five for 
case l, one for case 2) were delivered between the 
intracavitary electrode and a back plate, used as the 
cathode. The discharge was timed to the R wave of 
the electrocardiogram; thus it occurred- when the 
tricuspid valve was open. One DC discharge (case 1) 
was of 20 J and the remainder (for both patients) were 
of 320 J. In both patients permanent complete heart 
block was produced and the cardiac rhythm 
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Figure 


atrium; RV, right ventricle; LA, left атит; LV, left ventricle; C 


immediately supported by temporary ventricular pac- 
ing and later by the insertion of a permanent 
pacemaker. 

Cross sectional echocardiograms of the left and 
right heart chambers were recorded from an apical 
four chamber view throughout the procedure. Both 
the operator and system were electrically isolated 
from the current discharge. The presence and inten- 
sity of contrast echoes produced by DC discharge and 
the time course for their resolution were noted. 


Results 


Immediately after each DC discharge, profound 
opacification of the right ventricular and atrial cavities 
was seen (Figure). This contrast effect cleared only 
after several heart beats and occurred whether or not 
complete heart block resulted from the discharge. 
The intensity of this echo effect was subjectively 
judged as less for the one DC discharge which used 
20 J. 

In the patient in case 2, the DC discharge produced 


Cross sectional echocardiograms of the heart їп the apical four chamber view (case 2), (a) immediately before current 
discharge and (b) after current discharge showing dense opacification of the right heart and to a lesser extent the left ventricle. RA, right 


, contrast. 


an additional, although less intense, contrast effect 
within the left ventricle. The passage of contrast 
echoes through a patent foramen ovale cannot be 
excluded on the basis of one observation; neverthe- 
less, this appeared unlikely as the echoes appeared at 
the same time within the left and right ventricles dur- 
ing temporary atrial and ventricular asystole and were 
not seen within the left atrium. For the same reasons, 
the left ventricular echoes did not appear to have 
traversed the pulmonary circulation and thus presum- 
ably arose from transfer of the physical effect of the 
discharge across the ventricular septum adjacent to 
the ablated region. 

During the asystolic period after the DC discharge 
in the patient in case 2, additional but qualitatively 
different contrast echoes appeared within the left ven- 
tricle. These were similar to echoes generated with 
current high resolution echocardiographic systems 
when intracardiac stasis occurs such as in the left 
atrium in severe mitral stenosis. А clinical evaluation 
of each patient after the procedure showed no evi- 
dence of pulmonary or systemic embolism. 
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Discussion 


We noted contrast echoes within the cardiac chambers 
after DC discharge via a right ventricular electrode 
when His bundle ablation was attempted. The density 
of echoes produced, particularly at higher current 
energies, obliterated the right heart chambers for sev- 
eral seconds after current discharge before being 
cleared to the pulmonary circulation. Although echo 
density was greatly enhanced, the echoes appeared to 
be qualitatively similar to those used when perform- 
ing diagnostic contrast echocardiographic studies. It 
is, therefore, likely that they originated from similar 
sized ultrasonic target particles (approximately 15— 
30 u in diameter). Gaseous particles dissociated from 
solution by DC induced electrolysis may cause this 
effect, a view supported by our observations of small 
bubble clouds in the region of an electrode when dis- 
charged in a saline bath. Nevertheless, current dis- 
charge may also.produce small solid particles as a 
result of destruction and aggregation of blood ele- 
ments. 

Although the exact nature of this phenomenon is 
unclear, the pronounced contrast echo effect indicates 
a potential risk of embolisation. No major pulmonary 
embolic complications have been reported with right 
sided ablation procedures despite considerable 
experience with the method. While this is no doubt 
due to the small size and possible gaseous nature of 
the particles produced, the effect and risk of embol- 
ism in small pulmonary vessels from these particles 
need to be determined. 

Contrast echoes, whatever their nature or origin, 
produced in the left ventricle represent a more serious 
risk in that systemic embolism may occur. The long 
term sequelae of small particle emboli after car- 
diopulmonary bypass are being increasingly consi- 
dered.9 Gaseous particles produced after endocavitary 
ablation, and particularly in quantity if large current 
energies need to be used, might constitute a similar 
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risk to the small vessel circulation of the brain or other 
organs. This risk may further be increased if solid 
aggregates contribute to the contrast effect. Although 
experience with left sided intracavitary ablation is less 
than with right sided procedures, major embolism has 
not been reported. Small vessel effects, however, may 
not be obvious on clinical grounds, and more sensi- 
tive investigations may be necessary to determine 
whether small vessel organ damage has occurred. 
Specific studies concerning the nature of contrast 
effect, its relation to current energies used, and the 
embolic potential of left sided current discharge in an 
animal model may answer some of the questions 
raised by our observations. 

Although major embolism has not been reported in 
the early experience of His bundle ablation, our 
findings suggest that the risks of adverse effect on the 
pulmonary and especially the systemic circulation 
should be considered before similar techniques gain 
widespread acceptance, particularly in the treatment 
of left ventricular tachycardia. 
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Long term survival of patients mobilised early after 


acute myocardial infarction 
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SUMMARY А Welsh multicentre trial of early (fifth day) compared with late (tenth day) mobilisation 
in 742 patients after uncomplicated myocardial infarction, reported previously, found that there 
were no significant differences in survival during the first year, but a partial follow up beyond the 
first year survival showed a significantly reduced survival during the second and third years among 
patients mobilised early. A full 10 year follow up of all patients admitted to the trial was therefore 
carried out. A small difference in survival was confirmed, which reached about 596 at four years; but 
the difference was not statistically significant. Further analysis suggested the possibility of real 
differences in survival in certain subgroups, but the present evidence was not sufficient to provide 
contraindication to mobilisation five days after uncomplicated myocardial infarction. 


Since Levine and Lown advocated armchair treat- 
ment for patients with acute coronary thrombosis! 
there has been a progressive reduction in the average 
duration of bed rest. There have been several random- 
ised trials of duration of bed rest and duration of stay 
in hospital (cited in?). In the previously reported 
Welsh multicentre trial of early mobilisation after 
uncomplicated acute myocardial infarction 742 
patients were randomised to five days or to 10 days of 
bed rest. The early and late mobilisation groups were 
comparable, and no significant differences in mortal- 
ity or in morbidity in the first year were found.? Simi- 
lar smaller trials have shown no disadvantage of early 
mobilisation either in mortality or in morbidity dur- 
ing shorter follow up periods, usually of six weeks to 
six months (cited in?). In our Welsh trial, however, 
follow up information was available for some patients 
beyond one year, because the intended one year fol- 
low up was inadvertently delayed. Ап unexpected 
finding from that incomplete late follow up was that 
the survival rates of the two groups diverged during 
the second and third years after trial entry, with those 
mobilised early having significantly higher mortality. 
The finding has given rise to some concern about the 
advisability of eárly mobilisation.? We report the full 
follow up data eight to 10 years after admission to the 
trial. 


Requests for reprints to Dr R R West, Department of Community 
Medicine, Welsh National School of Medicine, Heath Park, Cardiff 
CF4 4XN. 


Accepted for publication 10 October 1984 


Patients and methods 


The original trial comprised 742 patients aged «70 
years with uncomplicated acute myocardial infarction 
in 1973—74 in 12 district general hospitals throughout 
Wales under the care of 31 consultants, mobilised on 
either the fifth or the tenth day after the onset of pain. 
Acute myocardial infarction was defined on typical 
clinical features, electrocardiographic evidence of 
probable infarction (World Health Organisation 
criteria), and serum enzyme activities of twice the 
laboratory normal value. Complications that pre- 
vented inclusion were at the discretion of the consul- 
tant, although guidelines of such complications were 
included in the trial protocol. Information on patient 
identification, brief medical history, and brief clinical 
findings were recorded on the day of admission (gen- 
erally the same as the day of onset of pain, which was 
defined as day 0) and brief clinical findings were 
recorded again on day 5 (the day of randomisation and 
admission to the trial) and again on day 10. Compar- 
able information was collected similarly for patients 
with complicated acute myocardial infarction on day 5 
who were excluded from the trial. Guidelines were 
provided for gradually increasing activity after mobil- 
isation, necessarily allowing some variation from hos- 
pital to hospital and from patient to patient. It was 
recommended that patients be discharged home one 
week after mobilisation. Patients were reviewed at 
between six and 36 months after admission to the 
trial. The results of mortality and morbidity in the 
first year have been reported previously.? 
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In this further follow up study all patients admitted 
to the trial were traced to ascertain vital information 
via hospital, general practitioner, home address, the 
Office of Population Censuses and Surveys (OPCS), 
and the NHS Central Register, and then again via 
Family Practitioner Committee, general practitioner, 
and home address. Copies of death certificates of the 
deceased were obtained from the OPCS. The follow 
up was undertaken during March to September 1983, 
and survival up to eight to 10 years, depending on the 
date of admission (1973-4), was calculated by life 
table methods.5 Survival between patients mobilised 
on day 5 and those mobilised on day 10 was compared 
by the Mantel Haenszel (logrank) test. Further com- 
parisons of survival by age, sex, hospital, previously 
recorded medical history, and clinical findings on 
admission were similarly made by the Mantel Haens- 
zel test. The causes of death were compared by age, 
duration of survival, and mobilisation group. 

The numbers of patients admitted to the two 
groups differed slightly; 348 were mobilised on day 5 
and 394 on day 10. This degree of inequality is not 
significant: the limits are 343 and 399 (at 2a— 0-05). 
Much of the inequality was contributed by two con- 
sultants, who admitted 8 and 23 and 14 and 23 
patients on days 5 and 10 respectively. The former 
inequality is significant (limits 9 and 22) while the 
latter is not (limits 12 and 25). Since the inequality for 
the trial as a whole was not significant and since there 
were 31 consultants it is quite possible that a 
"significant" inequality could have occurred by 
chance for one. Nevertheless, in case there should 
have been any selection bias all survival calculations 
were reworked excluding (a) the 31 patients admitted 
by the one consultant and (b) the further 37 patients 
admitted by the other consultant. 
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Fig. 1 Surdival by day of mobilisation (day 5 or day 10). 
Figures in parentheses are numbers of patients. 
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Results 


OVERALL SURVIVAL 

Figure 1 shows the survival curves of patients mobil- 
ised on day 5 and those mobilised on day 10 after 
uncomplicated acute myocardial infarction. One year 
after admission to the Welsh multicentre trial 8896 of 
those mobilised early and 8996 of those mobilised late 
survived: the first year survivals were not statistically 
different.? During the second to sixth years the survi- 
val of those mobilised early appeared to be somewhat 
lower than for those mobilised late, with a maximum 
apparent difference of 596 at four years. The differ- 
ence was not, however, statistically significant (Man- 
tel Haenszel logrank 0—4 y x?=2-3 and p7 0-13). The 
survival rates were more similar over the seventh to 
ninth years but separated again in the final year. Ten 
years after admission to the trial 5196 of those mobil- 
ised early and 5596 of those mobilised late survived: 
the overall 0—10 years difference was not statistically 
significant. Of all 742 patients, 16 were lost to follow 
up before eight years and 38 and 172 were "right 
censored" during the ninth and tenth years respec- 
tively. The overall survival rate after 10 years was 
5396. The mortality rate in the first year was 1196 and 
the annual mortality rate after the first year 496. 


SURVIVAL IN SUBGROUPS 

The survivals of patients mobilised on day 5 and on 
day 10 were compared in various subgroups (by age, 
sex, hospital, previous medical history, and clinical 
findings on admission) to look for an explanation for 
the apparent separation of the curves, particularly in 
the second to sixth years. The Table summarises the 
results at four years, the centre of the separation, and 
at 10 years. Several subgroups showed a higher mor- 
tality from about one year after infarction in the early 
mobilisation group: (2) patients admitted to hospital 
F, (n=110, Mantel Haenszel 0-4 yr, p«0-05), (b) 
patients with previous history of hypertension (n=83, 
Fig. 2a, p«0-05), (c) patients with arrhythmia on 
admission (n= 137, Fig. 2b, p« 0-01), and (d) patients 
with bradycardia on admission (heart rate 
<60 beats/min, n=58, Fig. 2c, p<0-02). Most of 
these differences were at their greatest about four 
years after trial entry. For patients with a previous 
history. of angina and for those with hypotension on 
admission the apparent differences were not 
significant. The differences in the opposite sense at 
four years (apparently lower mortality among those 
mobilised early) among patients admitted to hospital 
C and among the relatively few patients who had his- 
tories of previous myocardial infarction or who had 
tachycardia on admission were all not significant. All 
long term survival calculations were repeated exclud- 
ing the contributions of the two consultants who 


entered excess patients into the late mobilisation ~. 
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Table Analysis of survival by subgroup 
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No of patients 
Day 5 Day 10 

Age (yr) 

x44 44 44 

45-54 116 124 

55-64 144 160 

z65 44 66 
Sex: 

Male 301 330 

Female 47 64 
Hospital: 

А 59 63 

B 49 54 

С 49 52 

р 39 45 

E 32 54 

E 54 56 

Six others 66 70 
History of: 

Acute myocardial infarction 10 8 

Апрїпа 90 126 

Hypertension 29 54 
Risk features: 

BP> 180 mm Hg 51 59 

BP<120 mm Hg 47 64 

HR= 120 beats/min 24 14 

HR«60 beats/min 18 40 
Arrhythmia: 55 82 

Severe cardiac pain 47 70 

Severe dyspnoea 15 "7 513 
All patients 348 394 


BP, blood pressure; HR, heart rate. — ! 


group. For both of them the survival rates of the rela- 
tively few patients entered into the early mobilisation 
group were unusually favourable, which suggests 
possible bias. Exclusion of these data accordingly 
resulted in a widening of the difference in survival in 
the trial but not to the point of significance (Mantel 
Haenszel 0—4 y, p~0-08). Survivals -were compared 
also in the subgroups after exclusion of the data from 
these’ two consultants, and these exclusions also 
resulted in widening of the differences but not enough 
to change the levels of significance. 


LONG TERM SURVIVAL 

The long term survivals by age of patients admitted to 
hospital for acute myocardial infarction, who were 
alive and uncomplicated on the fifth day after the 
onset of cardiac pain, are summarised by pooling the 
results of early and late mobilisation groups (Fig. 3). 
After 10 years 70% of patients age <44, 60% of those 
aged 45—54, 48% of those aged 55—64, and 38% of 
those aged 65—69 were still living. Only 18 patients 
admitted to the trial had experienced previous acute 
myocardial infarction, and their 10 year survival was 
39% (not significantly lower than:the 5396 for the trial 
asa whole owing to the small numbers). Two hundred 
and sixteen: patients had previous angina with a 10 


Survival at four years Survival at 10 years 
Day 5 Day 10 Day 5 Day 10 
0-81 0-86 0-69 0-71 ` 
0-78 0-81 0-58 0-62 
0-74 0-80 0-43 0-52 
0-57 0-67 0-38 0-38 
0-73 0-78 0-48 0-54 
0-83 0-84 0-65 0-54 
0-68 0-79 0-36 0-54 
0-75 0-78 0-43 0-58 
0-82 0-67 0-68 0-47 
0-87 0-77 0-49 0-51 
0.75 0-81 0-52 0-60 
0-69 0-88 0-59 0-62 
0-68. 0-80 0-45 0-52 
0-70 0-50 0-40 0-38 
0-60 0-68 0.32 0-48 
0-48 0-72 0:34 0-44 
0-76 0-71 0-43 0-44 
0-70 0-82 0-53 0-65 
0-63 0-43 0-21 0-21 
0-72 0-95 0-65 0-68 
0-67 0-87 0-45 0-57 
0-74 0-75 0-58 0-47 
0-47 0-46 0:20 0:21 
0-74 0-79 0-51 0-55 


of hypertension with a 10 year survival of 41% 
(p«0-01). Of the potential “risk features" on admis- 
sion to hospital, tachycardia (heart гате 7120 beats/ 
min) conferred a lower than average survival (2196 
survival at 10 years, p« 0-001) and so did severe dysp- 
noea (24% survival at 10 years, p« 0-01). 


CAUSES OF DEATH 

The causes of death (Ic, Ib, or Ia on the death 
certificate) were described as (a) heart disease (ICD 
410—414) 7196, (b) other circulatory diseases (ICD 
390-405 and 415-459) 1896 (mostly hypertension, 
cerebrovascular disease, and arteriosclerosis), and (c) 
other causes 1196 (niostly cancer). There were slightly 
more deaths from heart disease and fewer from other. 
circulatory diseases among patients mobilised early: 
74% and 16% respectively for day 5 compared with 
68% and: 1996 for day 10, but these differences were 
not statistically significant. There were fewer deaths 
from heart disease and more from other causes (group 
c) in old patients; 59% and 2096 respectively of those 
aged over 65 (p«0-05). There were more deaths due 
to heart disease during the first year (8496) and more 
deaths from other circulatory disease (2296) and other 
causes (1496) during the second to sixth ‘years 


year survival of 41% (p<0-0001); and.83 had histories «.- .(p<0-02). ` 
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Fig. 2 Survival of patients (a) previously treated for 
hypertension, (b) with arrhythmias on admission, and (c) with 
bradycardia on admission according to day of mobilisation. 
Figures in parentheses are numbers of patients. 


Discussion 


This 10 year follow up of the Welsh multicentre trial 
of early mobilisation after uncomplicated myocardial 
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infarction has shown that the lower survival after early 
mobilisation on the fifth day compared with late 
mobilisation on the tenth day that appeared during 
the partial 2-3 year follow up was not significant in 
the trial as a whole. А small non-significant difference 
in survival between the early and late mobilisation 
groups was confirmed, reaching a maximum of about 
5% at four years. Subgroups of patients were 
identified with significantly lower survival after early 
mobilisation: patients admitted to hospital F, patients 
with a history of hypertension, and patients with 
bradycardia or arrhythmia on admission to hospital. 
Only the last two of these groups overlapped 
significantly; 28/137 with arrhythmia also had 
bradycardia. 

Overall mortality after the fifth day for patients 
with uncomplicated myocardial infarction was 11% in 
the first year and approximately 4% a year thereafter. 
This is marginally less than previously reported mor- 
tality rates after acute myocardial infarction, although 
close comparisons are not possible because of differ- 
ences between series." !2 It also compares quite 
favourably with the expected mortality of about 2% in 
the normal population of the-same sex and age dis- 
tribution. 13 

The early and late mobilisation groups were gener- 
ally comparable. During the trial all participating 
centres were visited periodically (by RRW), and the 
trial protocol was described to new house officers 
when appointed. Patient admissions were monitored 
centrally: deviations from the prenumbered sequence 
of randomisation cards were noted and the numbers 
of trial inclusions were compared with Hospital 
Activities Analysis (HAA) records of admissions for 
each consultant. Participating centres were sent pro- 
gress reports and were questioned regarding any 
deviations from the prenumbered sequence, incom- 
plete forms, or unusually low proportions of admis- 
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sions to the trial. The non-significant excess of 

patients mobilised late has been shown to be attribut- 

able to entries on behalf of two of the 31 participating 

consultants. Exclusion of data from these sources 

resulted in a slight widening of the differences in sur- 
` vival but not to the point of significance. 

The significantly lower survival after early mobil- 
isation in four of the 23 subgroups compared in the 
Table, the levels of significance of the survival differ- 
ences, and the heightening of the differences after 
exclusion of data from the two consultants whose dis- 
tribution of admitted patients showed possible bias 
taken together suggest that the differences may be 
more than a random consequence of multiple com- 
parisons. It is possible that there is a small but “real” 
disadvantage of early mobilisation in terms of late 
survival, which could achieve statistical significance 
only in future larger trials. The overall difference, 
however, was maximal at four years, whereas a “real” 
difference might have been expected to be maximal 
during the first year when mortality is highest. Furth- 
ermore, the features distinguishing: three of those 
subgroups apparently disadvantaged by early mobil- 
isation do not obviously identify any clinical charac- 
teristics that might reasonably be considered as poten- 
tial hazards: of the four subgroups, only hypertension 
was associated with reduced survival in the trial as a 
whole. The overall difference was at no time large. 
We believe that the evidence is not sufficient to con- 
traindicate mobilisation as early as the fifth day after 
uncomplicated myocardial infarction. 


The late follow up study was supported by a grant 
from the Welsh scheme for the development of health 
and social research. We thank Mrs D A Evans for 
painstakingly following up each trial entrant. 
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Limitations of a QRS scoring system to assess left 
ventricular function and prognosis at hospital discharge 
after myocardial infarction 
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Cardiology, Ospedale Regionale, Parma, Italy 


SUMMARY The value of a QRS scoring system derived from 12 lead electrocardiograms to estimate 
left ventricular ejection fraction was assessed in a prospective study of 285 hospital survivors of 
myocardial infarction. In these patients both the QRS score and ejection fraction were measured by 
radionuclide ventriculography at discharge. The correlation between ejection fraction and QRS 
score was weak. In 22 patients who died during six to 12 months follow up the ability of the ejection 
fraction and QRS score to predict mortality was assessed in terms of sensitivity, specificity, predic- 
tive value of a positive and negative test, and efficiency. For ejection fraction <40% and a QRS score 
26 sensitivity was respectively 73% and 64%, specificity 73% and 56%, predictive value of a positive 
test 1896 and 1196, predictive value of a negative test 9796 and 9596, and efficiency 7396 and 5696. 

Both ejection fraction and QRS score may be used to identify patients at low and high risk during 
one year follow up, but, contrary to initial expectations, the QRS score appears to be of little value in 
estimating ejection fraction and is less accurate than ejection fraction in predicting late survival in 
hospital survivors of myocardial infarction. | 


The 12 lead electrocardiogram is widely used to diag- 
nose and follow up patients after myocardial infarc- 
tion. It is inexpensive and non-invasive and therefore 
easily repeatable. Since the direct measurement of left 
ventricular function has been shown to be a major 
determinant of prognosis in such patients,! the recent 
introduction by Wagner etal,? Ideker et al,3 and 
Roark et al^ of a weighted QRS score which showed a 
good correlation with infarct size and left ventricular 
ejection .fraction?$.. has attracted considerable 
interest." ? Furthermore, the QRS'score was shown 
to be useful for predicting hospital as well as late mor- 
‘tality afer myocardial infarction.* 1° These optimistic 
"expéctations from the original studies have been tem- 
pered by some subsequent reports? ^? which found a 
weak correlation between Wagner's QRS score and 
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left ventricular ejection fraction. Young et al? found 
an even weaker correlation between ejection fraction 
and other electrocardiographic scores such as 
described by Askenazi et al,!! Gottwik et al,!? and 
Rautaharju et al.!? In the light of this controversy, the 
value of the QRS score described by Wagner et al? 
was prospectively reassessed for determining left ven- 
tricular ejection fraction and predicting late survival 
in 285 hospital survivors of myocardial infarction. 


Patients and methods: 


Two hundred and eighty seven hospital survivors of 
acute myocardial infarction who were admitted to a 
coronary care unit between 1 March 1981 and 31 
January 1983 formed the data base for this study. 
During this period there were 422 potential candi- 
dates (hospital survivors of acute myocardial infarc- 
tion); 57 were excluded because the electrocardiog- 
raphic score could not be computed (nine had com- 
plete left bundle branch block, 20 complete right 
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QRS score after myocardial infarction 
Table 1 Explanation of QRS scoring system? 


ECG wave 


lead ‘ation duration 
(ms) (ms) 
| (= = 
240 — 
II z30 — 
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aVF 230 а 
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VI { — z40 
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v2 { 250 
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bundle branch block, 21 left superior fascicular block, 
five left inferior fascicular block, two pre-excitation, 
and two ventricular hypertrophy) and 78 were 
excluded because the ejection fraction measurement 
was unavailable. Myocardial infarction was diagnosed 
on the basis of at least two of the following conditions: 
typical history, classic electrocardiographic signs, and 
a diagnostic increase in serum enzyme activity. 

For this group of 285 patients, the mean age was 57 
(range 22—82) years, 82% were male, and 27% Һай а 
previous myocardial infarction. On admission 3796 
had an acute anterior myocardial infarction, 3896 an 
inferior-posterior myocardial infarction, and 2596 
non-Q-wave myocardial infarction; 7496 were in Killip 
clinical class I. The median hospital stay was 13 
(range 7—58) days. 

To determine the QRS score, standard 12 lead elec- 
trocardiograms were obtained on a three channel 
Hewlett Packard 1513 A automatic cardiograph 


recorder at a paper speed of 25 mm/s on the day of . 


hospital discharge or one day before. Conventional 
speed and sensitivity were used, because they are 
advocated for current clinical use. The QRS scoring 
system as described by Wagner et al? was applied 
(Table 1). The calculations were validated by the 
independent measurement of the score from a random 
sample of 39. electrocardiograms by the original 
author of the score, who was blinded to our measure- 
ments; the independent measurements showed no 


significant difference from the study readings (study 
score mean (SD) 4-8 (3-8) vs independent score 
5-4 (3-9)). The correlation coefficient was 0-94 (SEE 
1:3) with no apparent bias introduced. 

Radionuclide ventriculography was performed at 
discharge in the 45? left anterior oblique view after in 
vivo labelling of the red blood cells with 555 MBq 
(15 mCi) of technetium-99 m. Acquistion was per- 
formed during a six minute period with a Searly Pho- 
gamma V camera (Siemens cardiac camera) equipped 
with a low energy all purpose-collimator. 

The data were processed by a computer program 
with automated contour detection and correction for 
background activity. Left ventricular ejection fraction 
was computed from the end systolic and end diastolic 
images, as previously described.!4 

After hospital discharge all patients were followed 
at regular intervals. The median folow up was 
10 (range 6-14) months. Mortality was the endpoint 
of interest in this study. 


STATISTICAL ANALYSIS 

Univariate analysis with Student's t test, x? test, 
Fisher's exact test, or linear regression analysis were 
applied when appropriáte. The most .advantageous 
cutoff.values to predict mortality were selected, from 
visual inspection of the receiver-operator characteris- 
tic curves (ROC).!5 In these curves the specificity and 
sensitivity of the test are plotted, where sensitivity is 
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Fig. 1 Correlation between radionuclide ejection fraction and 
ORS score. 


the fraction of correct classification of patients who 
satisfy the "endpoint" criteria, and specificity the 
fraction of correct classification of all patients who 
satisfy the “non-endpoint” criteria. These curves, 
when generated for different tests, provide a direct 
comparison of the various test results over the entire 
range of measurements. After selection of the most 
advantageous cutoff point for ejection fraction and the 
QRS score their relative accuracy to predict death was 
also determined in terms of predictive value of a posi- 
tive test (true positives/all positive tests), predictive 
value of a negative test (true negative/all negative 
tests), and efficiency (true positives + true negatives/ 
total population). 


Results 


Radionuclide ventriculograms and the QRS score 
were available in 285 patients. The correlation 
coefficient between the ejection fraction and QRS 
score in the entire group was —0-60 (SEE (standard 
error of the estimates) 11%) (Fig. 1). When patients 
with first infarction (n— 202) are considered separately 
from those with previous infarction (n—83) the corre- 
lation was slightly stronger in the former group 
(r— —0-61 vs r=—0-48), but the dispersion of the data 
was just as large in the two groups (SEE 1196). The 
correlation between the ejection fraction and QRS 
score in patients with first anterior transmural infarc- 
tion (г= —0-56) was similar to that in patients with 
first inferior infarction (r=—0-43) (Fig. 2) because of 
the equally large SEE (1096). Of 285 patients, there 
were 263 late survivors. Their ejection fraction was 
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Fig. 2 Correlation between radionuclide ejection fraction and 
ORS score in patients with (a) first anterior infarction and (b) 
first inferior infarction. 


higher (48(14)% vs 35(16)%, р<0:001) and QRS score 
lower (5-4(3-7) vs 7-0(4-1), p=0-05) than in the 22 
non-survivors. The visual inspection of the receiver- 
operator characteristic curves from radionuclide ven- 
triculography and QRS-score (Fig. 3) indicate that the 
ejection fraction had a superior predictive accuracy 
than the QRS score for late mortality. The “best” 
cutoff points—that is, the points with the highest sen- 
sitivity and the highest specificity —were 40% for ejec- 
tion fraction and six for the QRS score. Survival and 
the other indices measuring the accuracy of the test to 
predict mortality by ejection fraction, QRS score, and 
the two tests combined are shown in Tables 2 and 3. 
They all indicate the superior accuracy of ejection 
fraction compared with the QRS score. The predic- 
tive accuracy was not improved by combining the 
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Fig. 3 Receiver-operator characteristic curves of ejection 
fraction and QRS score for prediction of late mortality. During 
the entire range of measurements ejection fraction had a higher 
sensitivity than QRS score at comparable specificity to predict 
late mortality. The “best” cutoff points—that is, those with the 
highest sensitivity for the highest specificity —were 40% for 
ejection fraction and 6 for ORS score. 


100 


ejection fraction and the QRS score, which, when 
compared. with the ejection fraction alone, decreased 
the sensitivity while the other indices of predictive 
accuracy were unchanged. 


Discussion 


Several electrocardiographic indices have been 
reported to correlate with left ventricular func- 
tion.?!!71316 Nevertheless, in contrast to initial 
expectations based on small series of patients,? 5 
Young et al found in their review? that the correlation 
coefficient between ejection fraction and QRS score 
according to Wagner et al? was rather low (r—0:60). 
Because other authors also had similarly disappoint- 
ing results," ? they questioned the clinical usefulness 
of the QRS score for estimating ejection fraction in 
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Table3 Indices of accuracy in predicting late mortality from 
radionuclide ejection fraction (EF) and QRS (SC) score in 
285 patients. Figures are percentages 





EF<40% SC26 EF <40% and 
- SC26 

Sensitivity 73 64 54 
‘Specificity 73 56 78 
Predictive value of a 

positive test 18 п 17 
Predictive value of a 

negative test 97 95 95 
Efficiency 73 56 76 
High risk group 31 - 46 24 


individual patients. We assessed the value of 
Wagner’s score to estimate radionuclide left ventricu- 
lar ejection fraction in a larger population as part of a 
continuing prospective study of patients after 
myocardial infarction. Our results corroborate those 
of Young et al? and de Pace et al,” who found a weak 
correlation between ejection fraction and QRS score 
in such patients (Table 4). 

Since it has been suggested that the QRS score is 
more accurate for subgroups of patients?? we sepa- 
rately examined patients with a first transmural 
anterior and inferior infarction (Figs. 2 and 3). Since 
these results are based on a much larger number of 
patients than reported by previous authors, they 
confirm that the QRS score is unable accurately to 
predict the ejection fraction in individual patients. 

Since the electrocardiogram is a, standard method 
that is universally available and inexpensive it still 
seemed worthwhile to assess its predictive value for 
late mortality after hospital discharge even if we found 
that the QRS score correlated rather weakly with ejec- 
tion fraction. Hindman et а16 recently delineated high 
and low risk groups of patients after myocardial 
infarction by the use of Wagner's QRS score. As 
expected, in our series patients who died had a higher 
QRS score than survivors (7-0(4-1) vs 5-4(3-7), 
p 0-05) and ejection fraction was lower (35(16)96 vs 
48(14)%, p<0-0001), suggesting more extensive 
myocardial damage. The accuracy of the QRS score to 
predict mortality was, however, lower than that of the 
ejection fraction (Fig. 3, Table 3). The most advan- 


Table 2 Late survival in 285 patients in whom the QRS score (SC) and radionuclide ejection fraction (EF) was measured. Figures 
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are numbers of patients. . 

QRS score 

26 <6 
Non-survivors 14 8 
Survivors 116 147 
Total 130 155 
Mortality 11 5 


Ejection fraction EF <40% and 
SCz6 

<40% >40% 

16 6 12 

72 191 57 

88 197 69 

18 3 17 
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Table 4 Correlation of left ventricular ejection fraction and Wagner's QRS score 





No of patients Correlation coefficient SEE (90) Regression equation 
Present stud 285 —0-60 12 EF-60-23xQRS score 
Palmeri et аЇ5 55 —0-88 6 EF-59—3-0xQRS score 
Young et ai? 172 —0-60 ?. EF—59—2:3x QRS score 
Seino et al® 32 —0:72 ? EF-59—2-1xQRS score 
de Pace et al? 41 —0-61 ? EF-—59—2-0x QRS score 
Roubin et аі! 181 —0-81 12 EF=66—3-3XQRS score 


SEE, standard error of the estimate. 


tageous cutoff points for the two individual tests were 
4096 for ejection fraction and 6 for the QRS score. 
Identification of patients at high and low risk was 
thus possible with both the QRS score and the ejec- 
tion fraction. Although the predictive value of a posi- 
tive test (ejection fraction «4096 or QRS score 26) 
was rather low for both tests, it was slightly better for 
ejection fraction: 18% of patients with an ejection 
fraction <40% died as did 11% with a QRS score 26. 
Such a low predictive accuracy for late death is not 
surprising because of the low incidence of mortality 
(796 in the present series). This means that only a very 
sensitive test is a good predictor of mortality, whereas 
the prediction of survival should be easier. In fact low 
risk patients could be identified by both methods with 
high accuracy (Table 3) since 9796 of patients with 
ejection fraction >40% and 95% of those with a QRS 
score «6 were late survivors. Nevertheless, the effi- 
ciency of radionuclide ejection fraction remained 
superior to that of the QRS score (7396 os 5696). The 
combination of the worst outcome of the two tests 
(ejection fraction <40% and QRS score 26) did not 
provide a better prediction of mortality (Tables 2 and 
- 3). In fact, even if the high risk group was slightly 
smaller compared with that defined by ejection frac- 
tion alone (2496 vs 3196) the sensitivity was much 
lower (5496 vs 7396). 


We thank A Beelan, T Baardman, Н Wolf, and H J 
ten Katen, who assisted in the establishment of the 
data bank used in this study, K van Duyvendijk, who 
performed most of the nuclear studies, and N B 
Hindman, Duke University, Durham, USA, who 
computed the QRS score of a random sample of our 
patients. 
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SUMMARY BRL 26921 is a protected plasminogen-streptokinase complex with selective affinity for 
thrombus. When given intravenously within three hours of the onset of a first acute myocardial 
infarction angiographic patency of the infarct related vessel was seen in all 16 patients receiving the 
active drug compared with only two of 16 receiving a placebo. There was relative sparing of left 
ventricular function in the active treatment group with anterior infarction (mean left ventricular 
ejection fraction 37% compared with 23% for placebo), but no significant difference in left ventricu- 
lar function between the active and placebo groups was seen in patients with inferior infarction. 
Intravenous BRL 26921 is highly effective in causing coronary reperfusion and may help to 


preserve left ventricular function when given early in the course of anterior infarction. 


Myocardial infarction is associated with thrombotic 
occlusion of a coronary artery in a high proportion of 
patients during the first few hours of its onset.! Clini- 
cal studies have shown that reperfusion of previously 
occluded arteries is possible with thrombolytic agents 
and have suggested that infarct size may thus be 
limited.?? Early reperfusion is important as myocar- 
dial salvage decreases rapidly, though variably, with 
time.* 

Thrombolytic agents may be given intravenously or 
by direct intracoronary infusion. Earlier studies with 
intravenous streptokinase were difficult to interpret 
because reperfusion was not assessed angiographically 
and because many studies allowed entry up to 12 or 
even 24 hours after infarction. More recent studies 
with angiographic verification of reperfusion and 
more restricted entry criteria have shown reperfusion 
rates of between 60% and 8096.59 Intravenous 
streptokinase infusion invariably causes systemic 
fibrinogenolysis and may produce a severe, albeit 
transient, haemorrhagic diathesis. Intracoronary 
administration of streptokinase is effective in produc- 
ing thrombolysis but requires facilities for urgent car- 
diac catheterisation, which may well limit its applica- 
bility outside major cardiac centres. Moreover, 
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despite the lower doses of streptokinase used systemic 
fibrinogenolysis remains a problem. 

These disadvantages have led to a search for alter- 
native thrombolytic agents’ and to the development of 
BRL 26921,* a complex of streptokinase with anisoyl- 
ated human plasminogen. The plasminogen selec- 
tively binds to fibrin rather than fibrinogen and causes 
the complex to seek out and bind to thrombus. Plas- 
minogen is normally a potent activator of streptokin- 
ase, but to prevent premature activation while the 
complex is circulating it is temporarily inactivated by 
coupling an anisoyl group to its active site. This 
anisoyl group is removed by hydrolysis under in vivo 
conditions with a half life of approximately 37 
minutes. After its removal, the streptokinase is acti- 
vated and fibrinolysis occurs. In a previous study we 
showed that BRL 26921 was effective when given by 
the intracoronary route’; in theory it should be 
equally effective if given intravenously. 

The present study was designed to assess the 







when given within three hours 
myocardial infarction. 


Patients and methods 
The study protocol was approved?! 


committee. Patients were conside 
the study if they gave a history t$ 
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myocardial infarction, with chest pain of longer than 
30 minutes’ but less than three hours’ duration, had 
ST elevation of 2 mm or more in at least two elec- 
trocardiographic leads, and were able to give 
informed consent. 

Exclusion criteria were age >70 years, systolic 
blood pressure «90 mm Hg or 2200 mm Hg at the 
time of dosing, previous cerebrovascular accident, 
active peptic ulcer within one year, any surgery within 
one month, menstruation, previous treatment with 
streptokinase, and previous transmural myocardial 
infarction. 


STUDY DESIGN 
The primary object of the trial was to determine 
_ whether intravenous BRL 26921 was more likely than 
: placebo to produce patent coronary vessels on angi- 
ography 90 minutes after drug administration. 
Although early coronary angiography performed on 
patients taking a placebo is in our experience both safe 
and helpful in subsequent management, we felt 
obliged to answer this question using the smallest 
practicable number of patients. For this reason the 
study was designed as a paired sequential analysis 
trial.!° This is a well established technique for decid- 
ing whether an experimental treatment (BRL 26921) 
is significantly better than standard treatment using 
the minimum number of subjects. It involves trying 
each treatment alternately and scoring each pair of 
subjects as favourable to the experimental treatment, 
to standard treatment, or to neither. Pairs favourable 
to one or other treatment are plotted against the total 
number of pairs favourable (null pairs are ignored). 
The trial ends when the plot crosses one or other of 
two limit lines calculated from predetermined para- 
meters. In the present study the parameters were set 
at a=0-025, В=0:2, u=3, corresponding to a two 
tailed significance level of 0-05, a power of 80%, and 
an odds ratio of 3 or more in favour of the better 
process. 

Randomisation was carried out independently at 
the two trial centres. The first step was to classify each 
patient as having an anterior infarct (ST elevation in 
leads V2, V3, or V4) or a non-anterior (inferior or 
lateral) infarct. Randomisation was carried out sepa- 
rately in these two groups to ensure equal numbers of 
active and placebo treatments. Treatment allocation 
was made using consecutively numbered vials of iden- 
tical appearance containing either BRL 26921 (30 mg) 
or placebo (human serum albumin). Separate sets of 
vials were used for anterior and non-anterior infarct 
groups. There is a risk with this trial design of selec- 
tion bias by guessing the next treatment allocation. 
We attempted to minimise this by randomising the 
order of active and placebo treatments within pairs 
and by leaving the decision to admit a patient to the 
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study to an investigator who did not know the number 
of the vial to be used. We also checked retrospectively 
for comparability in patients allocated to active and 
placebo treatments and arranged for the double blind 
assessment of angiograms as described below. 

As soon as possible after admission, a 19 gauge 
Venflon cannula was placed in a large peripheral vein 
for blood sampling and drug administration. Baseline 
samples of blood for measurements of coagulation fac- 
tors, electrolyte concentration, and enzyme activities, 
and for blood grouping were taken. BRL 26921 or 
placebo was freshly reconstituted from freeze dried 
powder and given- as a. single intravenous injection. 
The initial 5 mg was given over five minutes and the 
remaining 25 mg over a further 10 minutes. Facilities 
for dealing with allergic reactions were available but 
were not in fact used. Blood was drawn for a repeat 
coagulation test one hour after dosing. 


Coronary arteriography 

Ninety minutes after the start of the BRL 26921 or 
placebo infusion coronary arteriography was per- 
formed in all patients using a procedure room within 


‘the coronary care unit, a portable image intensifier, 


and a videotape recorder. А 7 French gauge sheath 
was inserted percutaneously in the right femoral 
artery and arteriography was done by the Judkins's 
technique using non-ionic contrast medium 
(Niopam). Heparin was not used. For inferior infarcts 
the right coronary artery was injected first followed by 
the left coronary artery. For anterior infarcts the left 
coronary artery was injected first, followed in most 
patients by the right. At least two projections of each 
coronary artery were recorded. Results were classified 
as occlusions or reperfusions by a single observer who 
did not know which substance had been given and 
was not aware of the results of the coagulation test. As 
an additional safeguard, angiograms were reviewed 
retrospectively and in random order by an observer 
blind to patient identity to avoid the possibility of 
assessment bias from guessing the treatment given. 
The criterion for occlusion was an abruptly terminat- 
ing stump of a major coronary vessel. The criterion 
for reperfusion was complete filling with contrast of 
the major coronary vessel in the infarct area within 
three cardiac cycles; almost invariably there was a 
severe proximal stenosis. 

A prospective decision was made to give anti- 
coagulants to all patients with reperfusion and with- 
hold anticoagulants from all those with persistent 
coronary occlusion, irrespective of whether they had 
received BRL 26921 or placebo. The timing of intro- 
duction of heparin anticoagulation was based on the 
results of the one hour coagulation tests, repeated if 
necessary after four hours. Patients receiving anti- 
coagulation treatment were given heparin by 
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Table 1 Patient details, duration of symptoms, treatment received, and angiographic findings. For clarity patients are shown in pairs 








with placebo first. 
Case No Sex Age (yr) Time of onset to Treatment Angiographic findings and reperfusion 
treatment (hr) aci iei 
Inferior infarct group 
1 Е 68 -5 P Occluded RCA 
2 M 56 25 A Patent, stenosed RCA 
3 M 36 2-75 Р Occluded RCA 
4 M 64 3.0 A Patent, stenosed RCA and Cx artery 
5 M 50 3-0 Р Occluded Cx artery 
6 F 66 2:75 A Patent, stenosed RCA 
7 M 57 3.0 P Occluded RCA 
8 F 65 20 A Patent, stenosed RCA 
9 M 60 1-25 P Occluded RCA 
10 M 46 2:25 A Patent, stenosed RCA 
11 М 62 3-0 Р Occluded RCA 
12 M 43 1-5 А Patent, stenosed RCA 
13 M 39 2.0 P Occluded Cx artery 
14 F 61 3.0 А Patent, mildly stenosed RCA 
15 M 39 2-25 Р Occluded RCA 
16 M 71 3.25 A Patent, severely stenosed RCA 
17 Е 55 1-75 Р Occluded КСА 
18 М 49 2:75 А Patent, stenosed КСА and Сх artery 
Anterior infarct grou, 
19 M 58 3-0 nfarct group P Occluded LAD artery 
20 M 51 2-25 А Patent, LMS and fice vessel disease 
21 M 59 25 P Occluded LAD arti 
22 M 47 1-5 А Patent, stenosed L. artery 
23 M 55 2:75 P Occluded LAD artery 
24 M 54 275 A Patent, stenosed LAD artery 
25 M 61 2-25 P Occluded LAD art 
26 M 50 a 3-0 A Patent, stenosed LAD artery 
27 M 47 3-0 P Occluded LAD artery 
28 M 67 2-0 A Patent, stenosed LAD artery 
29 M 64 3-25 P Patent, stenosed LAD artery 
30 M 56 2:25 А Patent, stenosed LAD, occluded RCA 
31 M 47 2:75 P Patent, stenosed Cx artery 
32 M 43 1:50 А Patent, stenosed LAD artery 
А, active; P, placebo; RCA, right coronary artery; Cx, circumflex; LAD, left anterior descending; LMS, left main stem. 


intravenous infusion pump at a rate sufficient to pro- 
long the thrombin time by 50-10096. Heparin was 
given for five days and followed with oral warfarin 
anticoagulation. The sheath was removed within 24 
hours. 


Additional investigations 

Coagulation indices—Previous experience with this 
drug indicated that measurements of coagulation 
indices one hour after dosing gave values close to 
those of maximum effect. Fibrinolysis апа 
fibrinogenolysis were assessed by measurement of the 
euglobulin clot lysis time and plasma fibrinogen con- 
centration. Prothrombin time ratio, thrombin time, 
partial thromboplastin time, packed cell volume, and 
platelet count were also measured. Additional infor- 
mation was given by the plasma clotting time with 
reptilase (the reptilase time),!! which gives a direct 
measure of the anticoagulant effect of any fibrinogen 
degradation products on the coagulability of circulat- 
ing fibrinogen. 

Creatine kinase activity—Serial estimations were 
made of plasma creatine kinase activity at two hourly 
intervals for 24 hours. 


Radionuclide | ventriculography—Left ventricular 


function was assessed in all Edinburgh patients 
(n=22) by gated blood pool radionuclide ventriculog- 
raphy in the left anterior oblique projection between 
the eighth and tenth day after admission. The person 
conducting the test was unaware of the treatment 
given. Results were analysed separately for anterior 
and non-anterior infarct groups. Statistical compari- 
son was by an appropriate non-parametric test (Mann 
Whitney U test). 


Results 


Table 1 shows patient details, treatment received, and 
angiographic findings. A total of 35 patients were seen 
who fulfilled the entry criteria and were offered par- 
ticipation in the trial. Three patients declined admis- 
sion to the study and received standard treatment. 
Twenty two patients were studied in Edinburgh (10 
with anterior and 12 with inferior infarcts) and 10 in 
Glasgow (four with anterior and six with inferior 
infarcts). There were equal numbers of patients 
receiving active treatment and placebo in each centre 
and in each group. All patients with anterior infarcts 
were male, and there were two female-patients in both 
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Patients eligible for study (35) 


Refused consent (3) 


First transmural 
myocardial infarction (32) 


P dim 


Anterior (14) Inferior (18) 


` Active X 


Active Placebo Placebo 
treatment (7) treatment (7) treatment (9) treatment (9) 


| | | | 


Patent left 


Occluded Patent Occluded 
system (7) LAD artery (5) vessels (9) vessels (9) 
Patent (2) VT pe A2 Cn] 


Fig. 1 Flow chart showing compositioa of trial. LAD, left 
anterior descending; RCA, right coronary artery; Cx, circumflex 
(artery). 


treatment groups with inferior infarcts. The mean age 
for those receiving active treatment was 58 (10) years 
(inferior) and 54(8) years (anterior) compared with 
52 (11) years (inferior) and 56 (7) years (anterior) for 
the placebo group. The duration of chest pain before 
treatment was 2-4 (0-6) hours and 2:6 (0-5) hours for 
active and placebo groups respectively. There was no 
significant difference between active and placebo 
groups in terms of pulse rate, blood pressure, or signs 
of cardiac failure on admission to the study. 
Figures 1 and 2 summarise the results. 


REPERFUSION 

In all patients receiving active treatment the vessel 
expected to be the cause of the infarction was patent at 
angiography. All but one of these patients had 
patency of all three major coronary vessels. Most 
patients had a severe stenosis in the presumed infarct 
related vessel, although the degree of stenosis was var- 
iable. Additional disease was seen in 5096 of the 
patients, and one had a left main stem stenosis. 

In the inferior infarct group receiving placebo seven 
patients had total occlusion of the right coronary 
artery and two of the left circumflex coronary 
artery—that is, nine occluded vessels in nine patients. 
Five of seven patients in the anterior placebo group 
had total occlusion of a left anterior descending vessel. 
In the remaining two patients early spontaneous 
reperfusion may have occurred. 


LEFT VENTRICULAR FUNCTION 

Radionuclide ventriculography performed 8 to 10 
days after admission showed a variable pattern in the 
inferior infarct group, with a tendency to better left 
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ventricular function in the active treatment group 
which did not reach statistical significance (ejection 
fraction 44(5)% active, 40(8)% placebo) (Table 2). 
There was an appreciable difference in the anterior 
infarct group, with an ejection fraction of 37(7)% in 
those receiving active treatment compared with 
23(5)% in the placebo group (p<0-05, Table 2). 


CARDIAC ENZYME ACTIVITY 

All patients had a significant increase in plasma 
creatine kinase activity, signifying myocardial dam- 
age. The shape of the curve for serial measurements 
was appreciably different for the active and placebo 
groups, with a much earlier peak in the active group 
(Fig. 3). 


COAGULATION INDICES 

Changes in coagulation test results are shown in Table 
3. The pretreatment coagulation test showed no major 
abnormality in any patient. The test results one hour 
after treatment showed no change in those who 
received placebo. Variable but significant changes in 
coagulation indices were seen in the active treatment 
group. Mean plasma fibrinogen concentrations fell 
from 3-1 to 1:2 g/dl. The mean reptilase time was 
prolonged from 19 to 51 s and the mean thrombin 
time from 11 to 38 s. 


MORTALITY 
There were two late deaths, both in the placebo 
group. 

Case S—A 50 year old man with an inferior infarct 


Pairs favourable 
to active drug 


Pairs favourable 
to placebo 





Fig. 2 Sequential analysis with respect to reperfusion. a was 
taken as 0-025 and B as 0-2. X indicates favourable pairs. 
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Table2 Individual and mean radionuclide left ventricular 
ejection fraction at 10 days in patients with anterior and inferior 
infarction receiving placebo or active treatment 


———————7 





Case No Active group Case No Placebo group 
Anterior infarction 
20 48 19 23 
22 33 21 28 
24 38 23 26 
26 32 25 29 
33 27 16 
Mean (SD) 37 (7) Mean (SD) 24 (5) 
Inferior infarction 
2 35 1 38 
4 49 3 45 
6 42 5 25 
8 44 7 49 
10 47 9 44 
12 9 11 38 
Mean (SD) 44 (5) Mean (SD) 40 (8) 


made good initial progress but subsequently 
developed left ventricular failure. Ejection fraction 
was 2596. Ten days after admission he collapsed with 
ventricular fibrillation and could not be resuscitated. 

Case 2—A 59 year old man with an anterior infarct 
had a straightfoward clinical course; left ventricular 
ejection fraction was 2396. Three days after discharge 
(13 days after admission) he developed further chest 
pain. He did not seek immediate medical attention 
and died suddenly at home. 


HAEMORRHAGIC COMPLICATIONS 
There were two serious haemorrhagic complications 
and one minor complication. None was fatal. 

Case 20—A man aged 51 with an anterior infarct 
received active treatment. Angiography showed all 
vessels to be patent, but there was three vessel coro- 
nary disease and left main stem stenosis. Treatment 
with heparin was started, and six hours later he vom- 
ited “coffee grounds" and became hypotensive. 
Heparin was withdrawn and blood transfusion 
restored his blood pressure. Endoscopy showed gas- 
tric erosions. Left ventricular ejection fraction was 
48%, and repeat angiography confirmed patency of all 
vessels. Coronary bypass grafting was successfully 
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Creatine kinase activity (U/l) 





24 6 8 


10 12 14 16 18 20 22 24 
Hours 

Fig. 3 Two hourly creatine kinase measurements in patients 

given (a) active treatment and (b) placebo. 


performed 18 days after admission. Thirty years pre- 
viously he had had a Polya gastrectomy for duodenal 
ulceration but had not subsequently complained of 
abdominal symptoms. 

Case 8—A 65 year old woman collapsed at a bus 
stop with chest pain. On admission the electrocar- 
diogram showed an inferior infarct, and she was also 
noted to have a small scalp laceration. She received 
active treatment. During the night after admission she 
became drowsy, and an emergency tomogram showed 
an intracerebral haematoma. Heparin was withdrawn, 
and the haematoma was evacuated surgically 34 hours 
after admission. She made a slow but complete 
neurological recovery. 

Case 2—A 56 year old man with an inferior infarct 
received active treatment. Two days after angiogra- 
phy he developed a haematoma at the site of the 
femoral puncture. Heparin was withdrawn, and an 
hour later he complained of chest pain and showed 
further electrocardiographic changes and a further 
rise in cardiac enzyme activity. There were no 
sequelae. 


Table 3 Coagulation indices before and one hour after administration of BRL 26921 (active) or placebo. Values are mean (SD) 
Mud ee ел NUMEN а M ————=———= 











Placebo Active 

Before After Before After 
Fibrinogen (g/dl) 2-8 (0-9) 3-1 (1:0) 3-1 (0-9) 1:2 (0-5) 
Euglobulin lysis time (min) >200 >270 >160 6 (7) 
Prothrombin time ratio 1-0 (0-1) 1-0 (0-1) 1-1 (0-1) 1:8 (0.4) 
Thrombin time* 1() 1 (1) 1 (1) 27 (28) 
Partial thromboplastin time* —3 (3) 3( 5 (8) 61 (71) 
Reptilase time* 0-4 (0:7) 0-6 (1-0) 2-7 (2:5) 32 (29) 
Platelet count (х 109/1) 202 (53) 212 (39) 253 (55) 261 (58) 
Packed cell volume (96) 45 (2) 46 (3) 45 (4) 45 (4) 


*Prolongation from control value in seconds. 
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ARRHYTHMIAS 

Arrhythmias within the first six hours of admission 
were more common in the active treatment group. In 
the placebo group sinus bradycardia with hypotension 
occurred in two patients (one requiring temporary 
atrial pacing), while frequent ventricular extrasystoles 
or short bursts of idioventricular rhythm occurred in a 
further three. In the active treatment group, one 
patient had an episode of ventricular fibrillation, two 
had idioventricular rhythm, one sinus bradycardia 


with hypotension, one atrioventricular dissociation, · 


and one right bundle branch block. In addition, self 
terminating ventricular tachycardia occurred in three 
patients several hours after angiographically 
confirmed reperfusion. 


Discussion 


This study shows that BRL 26921 in a dose of 30 mg 
is effective in causing reperfusion of occluded coro- 
nary arteries within 90 minutes of its administration. 
The finding of total coronary occlusion in all but two 
of the placebo group contrasts with that of coronary 
patency in all those receiving the active drug. The 
probability of this result arising by chance is very 
small (the confidence limit of p<0-05 from the 
sequential analysis chart is conservative; x? with 
Yates’s correction = 21-7, corresponding to 
p«0-001). 

BRL 26921 seems to cause less systemic defibrina- 
tion than an equivalent dose of streptokinase.!? Any 
thrombolytic agent may, however, cause haemorrhage 
if the patient already has damaged vessels sealed only 
by thrombus, and this could have accounted for the 
serious bleeding complications in two of our patients. 
There was no correlation in the present study between 
bleeding complications and the extent of defibrina- 
tion. One problem affecting both streptokinase and 
BRL 2692] is inactivation by circulating antistrep- 
tococcal antibodies. Because of the varying concentra- 
tions of these antibodies in the general population 
there is no uniformly applicable dose-response curve. 
In order to achieve an adequate amount of thromboly- 
tic activity in the majority of patients we used a fairly 
large dose of 30 mg BRL 26921, equivalent to 1-5 
million units of streptokinase. This probably meant 
that some patients received a relative overdose, but 
there is as yet no rapid test for determining the titre of 
antistreptococcal antibodies to allow the individual 
dose to be tailored to the patient. 

We believe that anticoagulation after reperfusion is 
important in maintaining patency of the reperfused 
vessel. Reinfarction in two of our patients was closely 
associated with cessation of anticoagulation, and we 
have seen a similar sequence in three other patients 
treated with BRL 26921 but not included in the pres- 
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ent trial. The limited systemic lytic effect seen with 
this agent may actually be helpful in preventing reoc- 
clusion during the first few hours, but it may need to 
be supplemented with heparin. 

The difference in effect on left ventricular ejection 
fraction between anterior and inferior infarction is not 
unexpected. Anterior infarction is well known to 
result in a greater reduction in left ventricular func- 
tion than inferior infarction, and this accords with our 
finding of better preservation of left ventricular ejec- 
tion fraction in the active anterior infarct group, while 
both active and placebo patients in the inferior infarct 
group had relatively well preserved ventricular func- 
tion. Although our study group consisted only of 
patients with a first myocardial infarction the resting 
ejection fraction at 10 days was rather low in both 
active and placebo groups compared with the 
expected mean value of 36% based on the work of 
Dewhurst and Muir.!? Our entry criteria may have 
tended to select patients with more pronounced early 
electrocardiographic changes, more severe symptoms 
leading to earlier arrival in hospital, and hence larger 
potential infarcts. 

Although the pattern of creatine kinase release with 
coronary reperfusion is altered, with a large early peak 
and rapid decline, the total amount of enzyme 
released is still thought to correlate with infarct size. 14 
In view of the altered shape of the curve in the group 
with reperfusion we did not feel confident about com- 
paring the area under the curve for the two groups, as 
extrapolation on from 24 hours may be unreliable. 

The numbers in this study are much too small to 
allow valid data on mortality. Patients who have sur- 
vived for two or three hours after coronary occlusion 
are already to some extent “‘selected” for survival, and 
we further reduced expected mortality by excluding 
hypotensive patients. The association of prognosis 
with ejection fraction does, however, give cause for 
optimism.!? As yet the best treatment after reperfu- 
sion is unclear, and this is likely to influence long term 
results. 

We believe that BRL 26921 is a significant advance 
in thrombolytic treatment in myocardial infarction. It 
15 potentially widely available and can be given as an 
intravenous bolus with a high probability that reper- 
fusion will occur within a reasonable time scale. With 
close attention to exclusion criteria complications can 
be kept to a minimum. 


We thank Dr C Wathen for help with radionuclide 
ventriculography. Beecham Research Laboratories 
provided supplies of BRL 26921 and placebo, and we 
thank Drs G Harris and Maureen Elmslie for their 
support. 
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Emergency coronary artery bypass surgery after 
intracoronary thrombolysis for evolving myocardial 


infarction 


PHILIP KAY, AFTAB AHMAD, STORM FLOTEN, ALBERT STARR 


From St Vincent Medical Center, Portland, Oregon, USA 


SUMMARY Sixteen patients underwent emergency coronary artery bypass surgery immediately after 
intracoronary streptokinase infusion for acute evolving myocardial infarction. Of these, 11 patients 
had 70% residual stenosis in the recanalised vessel, and in five thrombolysis was unsuccessful. There 
were no hospital deaths. All the patients sustained myocardial necrosis, the peak activity of creatine 
phosphokinase correlating with the time to reperfusion. Chest tube drainage (mean 960 ml) was 
significantly higher than for control patients but did not correlate with the total dosage of strep- 
tokinase. No patients had further myocardial infarction or developed recurrent angina. 

Selected patients may benefit from coronary bypass surgery after intracoronary streptokinase 
infusion. If necessary this may be performed immediately with low mortality and morbidity. 


The importance of left ventricular function in deter- 
mining the prognosis of patients with coronary artery 
disease! 2 has directed attempts towards early restora- 
tion of coronary blood flow in patients with acute 
evolving myocardial infarction. The infusion of strep- 
tokinase into the appropriate coronary ostium 
restored patency in 72-95% of patients.? 5 

Nevertheless, though successful streptokinase 
treatment results in thrombolysis it does not remove 
the underlying coronary artery stenosis, and thus sec- 
ondary occlusion with reinfarction remains a prob- 
lem.‘ 6 Serruys et al suggested a combination of trans- 
luminal angioplasty after successful thrombolysis,? 
while Phillips et al recommended coronary bypass 
surgery for stenoses not responding to streptokinase 
treatment./ — . 

To obviate both these problems we adopted a policy 
of immediate coronary bypass surgery after intracoro- 
nary streptokinase infusion in selected patients. 


Patients and methods 


During 1983, 28 patients admitted to this hospital 
with acute evolving myocardial infarction? were tre- 
ated by intracoronary streptokinase infusion. Throm- 
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bolysis was unsuccessful in five (1896) patients, 
including two with cardiogenic shock and one with 
intractable ventricular arrhythmias. Eleven (3996) 
patients had residual stenosis of >70% in the recanal- 
ised vessel and were considered at high risk of reoc- 
clusion. These 16 patients underwent immediate 
coronary bypass surgery, and they constitute the 
study group. 

All 16 patients were male, with a mean age of 53 
(range 38—60) years. All presented with unremitting 
angina associated with ST segment elevation on the 
electrocardiogram. None had developed Q waves. 
This was the first coronary occlusion in all patients. 
The mean interval between the onset of pain and 
coronary arteriography was 2:2 (range 1—4) hours. All 
patients had occlusion of one major coronary artery 
(anterior descending (12), right coronary artery (3), 
large first obtuse marginal (1)). In each case the left 
ventriculogram showed segmental wall motion 
abnormalities associated with the occluded vessel. An 
initial bolus of 20000 units of streptokinase was 
infused into the occluded coronary artery followed by 
an infusion of 5000 units/min. The mean dose of 
streptokinase was 200000 units (range 95 000- 
340 000 units). In two patients with cardiogenic shock 
streptokinase infusion was stopped after 15 minutes 
(equivalent to 95 000 units. A third patient 
developed intractable ventricular arrhythmias, and 
the streptokinase infusion was stopped after 100 000 
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Fig. 1 Coronary ateriograms (a) before and (b) after successful intracoronary thrombolysis of occluded anterior descending artery. 


(b) shows residual 90% stenosis (arrow). 


units had been given. All recanalised vessels had pro- 
ximal stenoses of >70%, and in eight patients the 
stenosis was >90% (Fig. 1). 

The patients were transferred immediately from the 
catheter laboratory to the operating room. Car- 
diopulmonary bypass was rapidly instituted between 
the right atrium and the ascending aorta. Coronary 
artery bypass surgery was performed using the tech- 
nique of intermittent ischaemic arrest at moderate 
hypothermia (30°С). The occluded artery was grafted 
first so that the time between the onset of pain and 
complete reperfusion of the occluded artery was less 
than six hours in each case. All other major vessels 
with stenoses of —5096 were then serially bypassed. 
Eight patients received three grafts, five patients two 
grafts, and three patients one graft. At the end of the 
operation the patients were given 10 units of cryo- 
precipitate, 10 units of platelets, and 2 units of fresh 
frozen plasma. 

In the immediate postoperative period the 
development of myocardial necrosis was monitored by 
serial creatine phosphokinase measurements and elec- 
trocardiographic changes. Serum creatine phos- 
phokinase activity was measured at eight, 16, and 24 
hours after admission to hospital. Electrocardiograms 
were recorded on the first, second, third, and seventh 
postoperative day. 


Results 


There were no hospital deaths. Four patients required 
positive inotropic support (dobutamine 5-12 ug 
kg/min) and one balloon counterpulsation. Six 
patients received a lignocaine infusion (2 mg/min) for 
ventricular arrhythmias. The mean blood loss 
through the chest tube drain was 960 (SD 385) ml. 
This was higher than for control patients but did not 
correlate with the total dose of streptokinase given 
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Fig. 2 Relation between blood loss and streptokinase dose. 


262 
Table Indices of myocardial necrosis 


Kay, Ahmad, Floten, Starr 





Case No Occluded vessel No of grafts Interval to New ECG changes Peak CPK activity 
reperfusion (hours) (ТОЛ) 
1 LAD 1 2 Normal 540 
2 LAD 1 2 Normal 890 
3 LAD 2 2 R 990 
4 LAD 3 2 R 2500 
5 RCA 1 3 Q 1800 
6 LAD 2 3 R 1900 
7 LAD 3 3 R 1950 
8 LAD 2 3 R 2100 
9 Lat Cx 2 3 Q 2500 
10 LAD 3 3 Q 3500 
11 RCA 2 4 Q 2800 
12 LAD 3 4 R 3000 
13 LAD 3 4 Q 3700 
14 LAD 3 5 R 2000 
15 LAD 3 6 R 2500 
16 RCA 3 6 Q 5500 


———————————————————MMM——————— 
LAD, left anterior descending; Lat Cx, lateral circumflex; RCA, right coronary artery; ECG, electrocardiogram; R, loss of R wave 
progression across anterior chest leads; О, new О waves; CPK, creatine phosphokinase. 


(r—0-36) (Fig. 2). One patient required re-exploration 
for excessive haemorrhage. 

АП patients had myocardial necrosis confirmed by 
serial electrocardiogram changes and enzyme studies. 
The Table summarises the data of individual patients. 
АП four patients with occlusions of the right coronary 
artery or obtuse marginal vessels and two with occlu- 
sions of the anterior descending artery developed new 
Q waves. Eight patients with occlusions of the 
anterior descending artery showed a loss of R wave 
progression on serial electrocardiograms. In two 
patients (Table, cases 1 and 2) the electrocardiogram 
returned to normal. The postoperative value for 
creatine phosphokinase activity was abnormally raised 
(mean 2323 (SD 1561) units) with a positive MB 
isoenzyme in all patients. Three patients with occlu- 
sion of the anterior descending artery underwent suc- 
cessful thrombolysis within two hours of the onset of 
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Fig. 3 Relation between peak value of creatine phosphokinase 
(CPK) activity and time to reperfusion. 


pain. The highest value for creatine phosphokinase 
activity in these patients was <1000 units (Table, 
cases 1—3). Figure 3 shows the correlation between the 
peak value for creatine phosphokinase activity and the 
time interval to reperfusion (r=0-67, p<0-01). 
Follow up in this series was short (mean 8 months). 
Nevertheless, to date no patients have experienced 
further angina or suffered myocardial infarction. 


Discussion 


An analysis of the results of the 63 coronary care units 
in Boston, Massachusetts, showed no perceptible fall 
in the hospital mortality from acute myocardial infarc- 
tion between 1973-74 and 1978-79.9 The most 
rational approach to the management of acute evolv- 
ing myocardial infarction is the restoration of anterog- 
rade blood flow. After coronary artery occlusion in 
dogs, necrosis begins in the subendocardial region 
and spreads outwards to the subepicardial layer. This 
wavefront of necrosis can be arrested by reperfu- 
sion,!? the final size of the infarction being a function 
of the duration of ischaemia and the ischaemic toler- 
ance of a given patient. This in turn depends on the 
number and size of collateral vessels compensating for 
the occluded artery. 

In 1960 Boucek and Murphy infused fibrinolysins 
into the aortic sinuses of patients with acute myocar- 
dial infarction, reporting circumstantial evidence that 
the manoeuvre resulted in the re-establishment of 
blood flow.!! This technique was refined by Rentrop 
et al who reported the first successful cases of 
intracoronary thrombolysis іп 1979.12 The sooner the 
treatment is started, the greater its chance of suc- 
cess. 1? 14 Successful streptokinase treatment has been 
associated with improved thallium-201 uptake!5-!7 
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and improved wall motion!$ ?? in the ischaemic 
areas. The clinical results of thrombolysis have also 
been encouraging.$!? In the German multicentre 
study mortality was 7% among patients in whom 
reperfusion occurred and 24% among those in whom 
the occlusion persisted. After successful throm- 
bolysis reocclusion has been reported in 1796? to 25965 
of patients. Serruys et al suggested concomitant bal- 
loon dilatation of the residual stenosis after successful 
thrombolysis, reporting no late reocclusions in 18 
patients undergoing this procedure.? Krebber et al 
have used thallium-201 scintigraphy as a predictor of 
the salvageability of myocardium immediately after 
intracoronary thrombolysis to assess patients suitable 
for early coronary revascularisation.?!No details of 
the patients undergoing this procedure are given, 
however, nor is the time interval between medical 
recanalisation and surgical reperfusion stated. 

Berg et al have been strong advocates of immediate 
coronary bypass surgery for acute evolving myocar- 
dial infarction.’ DeWood et al reported appreciable 
improvement in global function and regional wall 
motion in selected patients if surgical reperfusion was 
performed within six hours of the onset of symptoms 
of anterior infarction.?? Phillips et al used immediate 
coronary bypass surgery for 21 patients in whom 
streptokinase treatment failed." The mean interval to 
reperfusion was 10 hours in this group, four of which 
required re-exploration for haemorrhage. Becher 
et al, however, found no increase in bleeding compli- 
cations in patients operated on within 24 hours of 
thrombolysis compared with those undergoing 
surgery after this period.?3 

The results of our study support the aggressive 
approach in treating patients with acute evolving 
myocardial infarction.” $?? Thrombolytic treatment 
had failed in five patients, two of whom were in car- 
diogenic shock, while in eight the residual stenosis 
after successful thrombolysis was 9096. The 
anatomy of the latter group of patients was more 
severe than that reported by Serruys et al, who found 
that only 1996 of 64 patients undergoing thrombolysis 
had a residual stenosis of 77096. In no case did the 
combination of rapid intracoronary thrombolysis fol- 
lowed by immediate coronary bypass surgery prevent 
myocardial damage. We consider, however, that it 
may have limited its extent. This was particularly 
apparent in two patients in whom blood flow was re- 
established within two hours of the onset of pain 
(Table, cases 1 and 2). In these patients peak creatine 
phosphokinase activity was «1000 ІОЛ and the elec- 
trocardiogram returned to normal. The follow up 
period was short, but to date there have been no 
deaths, mechanical complications of infarction, or 
further ischaemic episodes. 

Theoretically, all patients having acute evolving 
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myocardial infarction should be revascularised at the 
earliest possible opportunity. А$ a prelude all patients 
will undergo coronary arteriography to delineate the 
anatomy. Successful thrombolysis with intracoronary 
streptokinase then provides additional time before a 
decision regarding surgery must be taken. The length 
of time depends partly on the residual coronary 
lesions. Some may be so minor that the infarction can 
be allowed to run its course and elective surgery plan- 
ned at a later date when further symptoms occur.*4 
This more elective approach would allow the use of 
the internal mammary artery which must now be con- 
sidered as the conduit of choice for the anterior 
descending агтегу.25 26 In other situations a more 
aggressive approach may be required. This may take 
the form of immediate balloon angioplasty? or early 
surgery. 

Since this was not a prospective randomised trial 
with follow up haemodynamic data, we are unable to 
conclude that this is the preferred method of treat- 
ment. The study simply shows that immediate coro- 
nary bypass surgery can be performed effectively after 
intracoronary thrombolysis. Though postoperative 
chest tube drainage was significantly higher in this 
group of patients than after elective coronary bypass 
surgery, haemorrhage was not an insuperable prob- 
lem. Indeed in the dosage given (95 000-340 000 
units) there was no correlation between the dosage 
and total blood loss. Though Jutzy et al have shown 
no difference in the systemic fibrinolytic state assessed 
by serial determinations of fibrinogen and euglobulin 
lysis time,?" it is likely that the larger doses (7500 000 
units) given intravenously?3 2? may preclude immedi- 
ate surgery. 
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SUMMARY Haemostatic variables were measured in 61 patients with heterozygous familial hyper- 
cholesterolaemia, 32 of whom had evidence of coronary heart disease. Age adjusted mean concentra- 
tions of plasma fibrinogen and factor VIII were significantly higher in these patients than in the 29 
patients without coronary heart disease, but there were no significant differences in serum lipid 
concentrations between the two groups. Comparisons in 30 patients taking and not taking lipid 
lowering drugs showed lower values for low density lipoprotein cholesterol, high density lipoprotein 
cholesterol and antithrombin III, and a higher high density lipoprotein ratio while receiving treat- 
ment. The results suggest that hypercoagulability may play a role in the pathogenesis of coronary 


heart disease in patients with familial hypercholesterolaemia. 


Premature coronary disease is a characteristic feature 
of heterozygous familial hypercholesterolaemia and 
up to 50% of male and 25% of female patients with 
familial hypercholesterolaemia develop symptoms of 
coronary ischaemia by the age of 50.! ? Increased con- 
centrations of low density lipoprotein (LDL) play a 
major role in the pathogenesis of this premature 
atherosclerosis, but accelerated intravascular coagula- 
tion? and increased plasma fibrinogen concentrations 
have also been reported.^5 Preliminary results from 
the Northwick Park heart study have shown an 
association between high plasma concentrations of 
factor VII, factor УШ, and fibrinogen and an 
increased risk of subsequent cardiovascular death.$ 
We have therefore measured these and other haemo- 
static variables in patients with familial hypercholes- 
terolaemia with or without overt coronary heart dis- 
ease and in addition have studied the effects of 
hypolipidaemic drugs on these variables. 


Patients and methods 


Sixty one patients (34 men, 27 women) aged 20—71 
(mean 45) years with heterozygous familial hyper- 
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cholesterolaemia were studied. Familial hypercholes- 
terolaemia was defined as serum cholesterol concent- 
ration 7:5 mmol/l in an adult ог 6.7 mmol/l in 
children under the age of 16, together with tendon 
xanthomata or with hypercholesterolaemia plus ten- 
don xanthomata or hypercholesterolaemia plus pre- 
mature coronary disease (before the age of 60) in a 
first degree relative. Tendon xanthomata were present 
in 5796 of patients. Most patients had a type Па 
phenotype, but seven had raised serum triglyceride 
concentrations (22 mmol/l) and a type IIb phenotype. 
All patients were receiving a low cholesterol diet, four 
had had a partial ileal bypass, and 44 were taking 
hypolipidaemic drugs (cholestyramine 17, probucol 8, 
clofibrate 6, neomycin 1, cholestyramine and clofi- 
brate 6, cholestyramine and neomycin 6). The pres- 
ence of significant coronary disease was defined on the 
basis of one or more of the following: a reduction of 
250% in the luminal diameter of any major coronary 
artery when seen in two projections at coronary 
arteriography which was performed where there was a 
clinical indication; the presence of angina or a positive 
16 lead exercise precordial map?; and electrocardio- 
graphic evidence of previous myocardial infarction.5 

Coronary arteriograms were reviewed by two ` 
observers and assigned a score designed to denote the 
severity of disease based on the following criteria: 1, . 
significant strictures (>50% reduction in luminal 
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diameter seen in two projections) affecting a single 
vessel; 2, left main stem disease; 3 complete occlusion 
of the right coronary, the left anterior descending, or 
the left circumflex arteries. 

Blood was taken from an antecubital vein between 
0900 and 1200 hours after an overnight fast. Blood for 
assay of clotting factors was centrifuged at room 
temperature and the plasma stored in liquid nitrogen 
for subsequent assay.? Fibrinogen and biological 
activity of factors II, VII, VIII, and X and antithrom- 
bin III were measured by methods, described else- 
where.?!? Serum triglyceride concentrations were 
estimated enzymatically,!! and total cholesterol by an 
automated Leibermann-Burchard method.!? High 
density lipoprotein (HDL) cholesterol was measured 
by the heparin-manganese precipitation technique!? 
and the HDL ratio was calculated as HDL/total 
—HDL cholesterol. LDL cholesterol was estimated 
as described by Friedewald et а/. 14 In 28 patients 
measurements were repeated 5-10 weeks after 
hypolipidaemic drugs had been withdrawn (n=22) or 
after previously untreated patients had started drug 
treatment (n—6). Seventeen patients were taking 
cholestyramine (Questran) in a dose of 16 g daily, 
either alone or in combination with neomycin 2 g 
daily or clofibrate 2 g daily, seven were taking prob- 
ucol 1 g daily, and four clofibrate 2 g daily. 

In the analyses comparing patients with and with- 
out coronary disease by unpaired ¢ tests, mean values 
were adjusted to age 50 years using coefficients 
derived from multiple regression analyses of each 
coagulation or biochemical variable on coronary dis- 
ease (present or absent), sex, and age. Data on treat- 
ment effects were analysed by paired t tests. 


Results 


А total of 32 patients (17 men and 15 women) (mean 
age 50-8, range 28—71 years) were identified as having 
coronary heart disease. This diagnosis was made on 
the following grounds: electrocardiographic evidence 
of myocardial infarction (5); coronary arteriographic 
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abnormalities without infarct (6); coronary arteriog- 
raphic abnormalities and infarct (10); and angina or a 
positive exercise precordial map or both (11). Seven 
patients had had previous coronary artery bypass 
surgery. The 29 patients without coronary disease, of 
whom 17 were men and 12 women, were younger 
than those with coronary disease (mean age 38-4, 
range 20—59 years). 

There were no significant differences in any lipid 
variables between the two groups but mean concent- 
rations of fibrinogen and factor VIII were significantly 
higher in the patients with coronary disease than in 
those without (Table 1). To see whether either of 
these differences could be accounted for by associa- 
tions between factor VIII or fibrinogen and lipids, 
values for cholesterol, triglycerides, and HDL were 
included in further regression analyses as explanatory 
variables. The results did not differ materially from 
those shown in Table 1. 

Untreated patients and those in whom 
hypolipidaemic drugs had been temporarily with- 
drawn had significantly higher LDL and HDL 
cholesterol concentrations and a lower HDL ratio 
compared with the treated state. Antithrombin III 
was significantly higher in patients not receiving 
treatment (90% vs 82%, p<0-02), but none of the 
other haemostatic variables showed any significant 
difference (Table 2). Table 3 shows the effects of 
individual drug regimens. The small number of 
patients in each group precludes detailed statistical 
analysis, but the decrease in antithrombin III con- 
centrations appeared to be greatest in patients taking 
probucol. 

Coronary arteriograms were performed in 16 
patients (13 men, three women, mean age 44 years). 
Angiographic scores ranged from 1 to 9. The correla- 
tion between angiographic score and factor VIII was 
—0-27 (p=0-33) and for fibrinogen —0-10 (р= 0:73). 


Discussion 


Premature and angiographically severe coronary dis- 


Table 1 Age adjusted plasma lipid and lipoprotein concentrations and haemostatic variables in patients with familial 
hypercholesterolaemia with and without coronary heart disease (CHD). Values are mean (SD) 





With CHD (n=32) Without CHD (n=29) p value 
Fibrinogen (g/l) 3-28 (1-00) 2-84 (0-60) 0-04 
Factor II (96) . 107 (30) 117 (22) 0-18 
Factor (96) 123 e 122 (39) 0-92 
Factor VIII (96) 136 (70) 102 (34 0-02 
Factor X (96) 87 m 81 (16) 0-30 
Antithrombin III (96) 82 (17) 86 (20) 0:37 
Total cholesterol (mmol/l) 8-23 (1-88) 8-00 (1-41 0-59 
LDL cholesterol (mmol/l) 6-49 (032 6:35 (038) 0-74 
HDL cholesterol (mmol/) 0-99 (0-32) 1-03 (0-38) 0-65 
HDL ratio 0-156 (0-082) 0-166 (0-093) 0:66 
Triglyceride (mmol/l) 1:59 (0:75) 1-49 (0-59) 0-62 


Conversion: SI to traditional units—cholesterol: 1 mmol/1-:38-6 mg/dl; triglyceride: 1 mmol/l~88-5 mg/dl. 
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Table 2 Effect of treatment on lipid concentrations and haemostatic variables in 30 patients with familial hypercholesterolaemia. 


Figures are mean values 


With treatment Without treatment SD of difference p value 
Fibrinogen (g/l) 3-05 3.10 0-69 0-65 
Factor П (96) 111 120 30 0-12 
Factor (96) 119 115 27 0-44 
Factor VIII (%) 122 124 35 0-75 
Factor X (%) 83 88 21 0:25 
Antithrombin Ш (%) 82 90 19 0:02 
LDL cholesterol (mmol/l) 6-45 7.89 1-04 0-0001 
HDL cholesterol (mmol/l) 0-98 1-06 0-18 0-02 
HDL ratio 0-151 0-129 0-052 0-03 
Triglyceride (mmoL/I) 1-79 1-79 0-36 0-92 





SD, standard deviation. 


Conversion: SI to traditional units—cholesterol: 1 mmol/1—38-6 mg/dl; triglyceride: 1 mmol/l~88-5 mg/dl. 


Table3 Mean changes (SD) in lipid concentrations and haemostatic variables in 28 patients with familial hypercholesterolaemia 





taking various drugs 

Cholestyramine* Cholestyramine Cholestyramine Clofibrate Probucol 

(n=10) and neomycin and clofibrate (n=4) (n=7) 

(n=4) (n=3) 

Fibrinogen (g/l) +0-19 (0:79) —0-44 (0-92) —0-07 (0-32) —0-01 (0-59) —0-10 (0-69) 
Factor II (96 —18 (42) —20 (34) +11 (13) +9 (7) —9 (14) 
Factor VII (%) +2 (40) —6 (20) +22 (22) +10-(13) +4 (18) 
Factor VIII (%) —15 (29) +13 (30) +35 (48) —5 (24) —4 (41) 
Factor X (%) +2 0 —20 (24) +4 (8) —10 (13) +2 (13) 
Antithrombin HI (96) —7 (22) —9 (14) +3 (13) —4 (13) —-12 (13) 
LDL cholesterol (mmol/l) — 1-47 (1-51) —3-37 (2:32) —1-70 (0-24) —1-16 (1-06) —0:51 (1-02) 
HDL cholesterol (mmol/l) +0:01 (0-13) —0-14 (0-13) 0-00 —0-14 (0-21) —0-04 (0-29) 
HDL ratio +0-05 +0-04 +0-04 —0-02 0-00 
Triglyceride (mmol/l) —0-71 (2:47) +0-08 (0:79) —0-07 (0-12) +1-85 (2-86) —0-01 (0-80) 
*Questran 


Conversion: SI to traditional units—cholesterol: 1 mmol/l--38-6 mg/dl; triglyceride: 1 mmol/l=88-5 mg/dl. 


ease is common in heterozygous familial hypercholes- 
terolaemia.! 2 15 This premature disease is not solely a 
function of LDL concentrations; additional risk fac- 
tors include a decrease in HDL cholesterol and in the 
HDL:LDL гайо,!6 !7 smoking,'* and a family history 
of premature death.!? In addition, abnormalities in 
haemostatic function have been found both in familial 
hypercholesterolaemia and in men who later died of 
coronary heart disease. Thus the Northwick Park 
heart study found that plasma concentrations of factor 
VII, УШ, and fibrinogen as well as serum cholesterol 
concentrations were significantly higher at entry to 
the study in the 27 men who died of cardiovascular 
disease (mostly coronary heart disease) than in the 
1461 survivors. Lowe et al found significantly raised 
fibrinogen concentrations in patients with familial 
hypercholesterolaemia,? whereas Carvalho and Lees 
found evidence for activation of the intrinsic coagula- 
tion system (low prekallikrein and kallikrein inhibitor 
values and increased concentrations of soluble fibrin 
complexes). Lowe et al also examined the relation 
between plasma fibrinogen concentrations, platelet 
aggregates, and coronary disease in familial hyper- 
cholesterolaemia.5 They showed increased fibrinogen 
concentrations and increased numbers of platelet 
aggregates from the age of 15 onwards, which they 


suggested might be markers of the underlying 
atherosclerosis to which these patients are so suscept- 
ible. They failed to show any correlation between the 
serum cholesterol concentrations and the coagulation 
abnormalities, which were as evident in patients tak- 
ing effective cholesterol lowering drugs as in un- 
treated individuals. 

Hypercoagulability could well play a role in the 
development of coronary disease since thrombotic 
coronary occlusion occurs in the majority of patients 
in the early stages of myocardial infarction.2° High 
fibrinogen concentrations increase blood viscosity?! 
and increased viscosity may in turn impair blood 
flow,?? thus predisposing to thrombosis. Small 
deposits of fibrin have been found on or just beneath 
the endothelium even in neonates? with a rapid 
increase in prevalence with increasing age. Smith and 
Staples found high concentrations of fibrinogen in 
atherosclerotic lesions from human aortic intima 
along with variable concentrations of factor VIII.2* It 
remains debatable whether such abnormalities of 
haemostatic function play an initiating role in the 
pathogenesis of coronary disease or whether, as has 
been suggested, they are simply markers of prema- 
ture vascular disease and represent responses to arter- 
ial injury. 
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Previous studies have shown that lipid lowering 
diets and clofibrate tend to exert what would be 
expected to be a beneficial effect on haemostatic vari- 
ables in patients with hypertriglyceridaemia.?5~27 
Nevertheless, the slight but significant decrease in the 
thrombin inhibitor antithrombin III observed in our 
patients with familial hypercholesterolaemia while 
taking lipid lowering drugs is potentially adverse; this 
effect was most pronounced in patients taking pro- 
bucol or cholestyramine in combination with neomy- 
cin, in whom a theoretically undesirable decrease in 
HDL cholesterol was also observed. Probucol and 
neomycin are each known to reduce both LDL and 
HDL,?8 29 but the decrease in HDL cholesterol was 
not seen in patients taking cholestyramine alone. The 
major effect of lipid lowering treatment overall was to 
decrease LDL cholesterol by 18%, which resulted іп а 
significant increase in the HDL ratio. Comparable 
changes in a similar group of patients with hyper- 
cholesterolaemia treated with diet and cholestyramine 
for five years were recently shown to be associated 
with a reduction in the rate of progression of their 
coronary disease on апріоргарһу.30 3! 
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Reoperation for angina after previous aortocoronary 
bypass surgery 
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From the London Chest Hospital, London 


SUMMARY А retrospective study was carried out of the outcome of 102 patients who underwent a 
second operation for myocardial revascularisation, necessitated by persistence or recurrence of 
intractable angina after their first coronary bypass procedures. Operative mortality was 296. During 
follow up of the survivors (mean interval 36-4 months) five died, two after further operation, and five 
underwent further surgery. Sixty eight patients reported an improvement in their symptoms, 57 of 
whom claimed to have little or no angina. Less favourable results were recorded for those patients 
reviewed with longer follow up. No useful indicators of prognosis were identified. 

The problem of angina in patients who have already received bypass grafts is likely to increase as 
more revascularisation surgery is performed. Reoperation offers a reasonable prospect of helping 
some of these patients, but not all will be suitable. Their long term prognosis remains uncertain. 


Bypass graft surgery ameliorates or abolishes angina 
in the majority of patients who undergo operation,! 
but in some cases symptoms persist or recur. Angina 
may recur іп 3-5-4-4% of patients each year.? Thus as 
more patients have undergone bypass surgery, and as 
the time elapsing after operation increases, the prob- 
lem of angina in patients who have already undergone 
one myocardial revascularisation procedure will 
increase. Reoperation can be performed with a low 
risk and can improve or relieve angina in many 
patients, but the late results are less favourable than 
after the first attempt at revascularisation.? 

The results of reoperations at the London Chest 
Hospital were reported in 1979.* We now report our 
further experience with a larger series of patients and 
the results of extended follow up of those who under- 
went operation initially. We sought to identify fac- 
tors, which can be determined preoperatively, that 
may give an indication of the prognosis after reopera- 
tion. 


Patients and methods 


One hundred and two patients who. underwent a 
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second coronary bypass operation between 1972 and 
January 1982 were included in the study. Patients 
who had concurrent valve surgery were not included. 
The mean age of the patients was 52-7 (range 34—73) 
years. Nine patients were female. Nine were known to 
have diabetes mellitus and 19 hypertension, and 33 
smoked >10 cigarettes a day at the time of reopera- 
tion. Serum cholesterol concentration was estimated 
in 58 patients and was found to be increased 
(27-0 mmol/l (7300 mg/100 ml)) in 29. 


FIRST OPERATION 7 
Ат the first operation а mean of 2-1 grafts were placed 
per patient. Twenty seven patients received one graft, 
39 two, 33 three, and three four. In addition 24 
patients had endarterectomy performed to 33 vessels. 
Left ventricular aneurysmectomy was carried out in 
two patients. Twelve patients were considered to have 
had perioperative myocardial infarction as assessed by 
electrocardiographic criteria (development of 
pathological Q waves in nine or of bundle branch 
block in three). Table 1 gives details of the sites of 
graft placement. 


RECURRENT ANGINA 

The clinical indication for considering reoperation in 
all patients was severe angina either at rest or on min- 
imal exertion which had proved refractory to medical 
management. All patients were investigated by selec- 
tive coronary and graft angiography in three planes 
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Table 1 Sites of graft placement at first operations and reoperation. Figures indicate number of patients 








Graft site First 
operation 

Left anterior descending artery (LAD) 76 

Diagonal of LAD 

Lateral circumflex branches 45 (3%) 

Trifurcation branch 

Right coronary artery before crux (RCA) 45 

Posterior descending artery (PDA) 11 





Reoperation 
Меш grafts Regrafts 
13 44 
2 7 
43 21 
1 1 
14 25 
10 16t 





*Patients who had grafts to two lateral circumflex branches. 


TIncludes patients in whom a RCA graft was placed before the crux at first operation and to the PDA at reoperation. 


and left ventricular angiography in the right anterior 
oblique plane. Only those patients in whom it was 
technically feasible to place further grafts, and who 
therefore underwent surgery, are reported in this 
study. і 

Тһе putative cause for the recurrence of angina was 
determined from the angiogram. Where a graft was 
occluded or significantly stenosed, or distortion at its 
insertion into the coronary artery was equivalent to 
such a stenosis, the graft was deemed to have failed. 
Progressive disease describes the development of a 
stenosis of >50% that was not apparent on the angio- 
gram before the first operation. Revascularisation was 
considered to have been incomplete at the first opera- 
tion if a vessel was not bypassed when it contained a 
stenosis of >50%. The terms progressive disease and 
incomplete revascularisation were applied only to ves- 
sels whose lumen diameter was >] mm on the basis 
that the smaller vessels would be unsuitable to receive 
a vein graft.5 © The cause of recurrent angina was then 
categorised as (a) graft failure, (b) progressive disease, 
(c) incomplete revascularisation, ог (d) various com- 
binations of these factors. 


REOPERATION 

All the reoperations reported in this series were per- 
formed at the London Chest Hospital by one of three 
surgeons. The mean interval between the first and 
second operation was 37:1 (SD+28-6) months. 


FOLLOW UP 

The progress of patients during follow up after reop- 
eration was assessed as far as possible from clinic 
attendances. For patients unable to attend the hospi- 
tal information was obtained from questionnaires sent 
to the patients themselves, from their attending 
physicians, and from their general practitioners. 
Inquiry was made about the presence and severity of 
angina, which was graded as: 0, no angina; 1, angina 
occurring only on severe exertion; 2, angina occurring 
on moderate exertion; 3, angina occurring on minor 
degress of exertion; and 4, angina at rest. Symptoms 
and signs of left ventricular failure were sought. The 


medication taken by the patients was recorded. 

In 47 patients maximal symptom limited progres- 
sive increment exercise testing was performed either 
by treadmill (modified Bruce protocol) or by bicycle 
ergometer. The reason for termination of the test, the 
maximum workload achieved, and the electrocardio- 
graphic changes were noted. Of these patients, 24 had 
previously performed an exercise test before reopera- 
tion so that a comparison between results was pos- 
sible. The end point for follow up was the latest avail- 
able clinical information—unless a further surgical 
procedure for revascularisation had been performed, 
when this was taken as the end point—or death. For 
the purposes of stratifying the patients into groups 
according to the length of follow up, the duration of 
follow up was taken from the time of reoperation until 
December 1982 for those patients who underwent 
further reoperation or who had died. Inquiry was 
made to the Registrar General at this date to ascertain 
if any patient had died, so that we consider that the 
survival data are complete. 


Results 


CAUSE OF RECURRENT ANGINA AFTER FIRST 
OPERATION 

Table 2 shows the angiographic features thought to 
indicate the reason for recurrent angina and the time 
of this recurrence in the different groups. Overall, 
graft failure was considered to have occurred in 84 
patients, progressive disease in 42, and revascularisa- 
tion to have been incomplete in 34. Of the 27 patients 
who received a single graft at the first operation, 
revascularisation was considered incomplete in 10. 
For the remaining 17 patients a single graft was the 
appropriate procedure, and in only two of these was 
failure of this graft the sole cause of recurrent angina. 


REOPERATION 
At reoperation the mean number of grafts placed per 
patient was 1-97. Table 1 shows the distribution of 
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Table2 Putative cause(s) of recurrent angina after first operation and mean (SD) time until recurrent angina in each group 

Cause(s) of recurrent angina No of Time of recurrence after first 
patients operaion (mnth) 

Graft failure only 31 11-1 (17-6) 

Progressive disease only 12 20-9 (17-3) 

Incomplete revascularisation only 3 43 — 

Graft failure and incomplete revascularisation 24 18-1 (25:9 

Graft failure and progressive disease 23 30-7 (21-1 

Incomplete revascularisation and progressive disease 1 

Incomplete revascularisation, progressive disease, and graft failure 6 27-7 — 

Not determined 2 





these grafts. Twenty nine patients received one graft, 
49 two grafts, 23 three grafts, and one four grafts. 
Endarterectomy was performed on 24 vessels in 18 
patients, four of whom had already had vessels endar- 
terectomised at their first operation. 

Twenty two patients received grafts only to vessels 
that had not been grafted at the first operation, 33 
received grafts only to vessels. that had previously 
received grafts, and the remaining 47 patients had a 
combined procedure. The term *'vessel" refers to all 
coronary branches of sufficient size to accept a vein 
graft. In this context, for example, the diagonal 
branch of the left anterior descending artery if large 
enough to graft, would be considered a separate vessel 
to the main left anterior descending artery. 

There were two operative deaths, and eight patients 
had perioperative myocardial infarction (new Q waves 
in six, bundle branch block in two). Table 3 lists the 
recorded complications. Of particular note, two 
patients suffered division of a previously placed graft 
to the left anterior descending artery during rester- 
notomy. One of these patients developed an anterior 
myocardial infarction and later died of left ventricular 
failure, and the other died in the immediate post- 
operative period. 


FOLLOW UP 

Information was available on all 100 survivors at a 
mean interval of 36-4 (range 2-86) months. During 
follow up three patients died at three, 38, and 40 
months without further surgery. Five patients pro- 


Table 3 Numbers of patients in whom recorded operative 
complications occurred 





Death (within 24 hours) 
Myocardial infarction 


Transient atrial fibrillation or flutter 
Others* 
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*One instance each of renal failure, pulmonary embolism, 
haematuria with anticoagulants, ventricular fibrillation, thigh abs- 
cess, tear in superior vena cava. 

LAD, left anterior descending artery. 


ceeded to a third operation for myocardial revascular- 
isation, and one underwent dilatation of his grafts 
during cardiopulmonary bypass. Two of these 
patients undergoing further surgery also subsequently 
died, and in one the cause of death was attributed to 
leukaemia. One other patient received a cardiac 
transplant. Sixty eight patients thought that their 
symptoms were improved, 14 that their condition was 
unchanged, and the remaining 13 survivors that their 
symptoms had become worse. 

For the following analyses the patients were divided 
into three groups according to their outcome: 

Good result —This group comprised patients who 
had no angina or angina only on severe exertion 
(grades 0 and 1). 

Intermediate result —This group comprised patients 
with angina on moderate exertion (grade 2). 

Poor result —This group comprised patients who 
died, required a further operative procedure, 
developed severe left ventricular failure, or had 
angina on minimal exertion or at rest (grades 3 and 4). 
On the basis of these criteria 57 patients derived great 
benefit from their reoperation, 14 fell into the inter- 
mediate group, and 31 fared badly. 

The type of operative procedure did not influence 
outcome. Good results were obtained in 5296 of 
patients who had vessels regrafted only, in 5996 of 
those who received only new grafts, and in 5796 of 
those undergoing a combined procedure (Fig. 1). 
Results for outcome were less favourable for patients 
whose duration of follow up was 24 months or more 
compared with those who were reviewed earlier (Fig. 
2). Tables 4 and 5 show the influence on outcome of a 
number of factors either determined before reopera- 
tion or which were a feature of the operations. The 
assessment of completeness of revascularisation at 
reoperation took account of vessels that were consi- 
dered large enough to graft (>1-0 mm) (Table 5). 
Neither the cause of recurrent angina after the first 
operation nor the interval to that recurrence 
influenced outcome significantly. There was, how- 
ever, a trend for this interval to be shorter in those 
patients whose outcome was unsatisfactory. When 
patients in whom incomplete revascularisation at the 
first operation was considered a contributory factor 
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Fig. 1 Outcome according to the type of operative procedure. È $ 
Regraft only: patients in whom grafts were placed only in ^ 
previously grafted vessels; new grafts only: patients in whom L—— Early —— L——— Late ——3À 


grafts were placed only into ungrafted vessels. Fig.2 Comparison of outcome in patients with early ( < 24 
months) and late (7 24 months) follow up. 


ТаЫе 4 Distribution of factors, which may be determined before reoperation, in the three groups divided according to the result of 
reoperation. Figures (except for age) indicate number of patients 








Condition No of Outcome after reoperation 
patients 
Good Intermediate Poor 

Total 102 57 14 31 
Age (y) 102 52.9 52-5 52-1 

е 93 51 14 28 
Diabetes 9 2 2 5 
Smoking 34 19 7 8 
Hypertension 20 11 1 
Hypercholesterolaemia 29/53* 15/28 9/10 5/15 


*Number of patients with hypercholesterolaemia out of number of patients in whom serum cholesterol concentration was measured. 


ТаЫе 5 Distribution of features of first operations and reoperations among the three groups divided according to result of reoperation 








Surgical factors No of Outcome after reoperation 
patients 
Good Intermediate Poor 

Total 102 57 14 31 
Endarterectomy: 1 

First operation 24 14 6 4 

Reoperation 18 9 5 4 
Mean number of grafts 

placed per patient 

(n=102): 

First operation 2-12 2:33 20. 

Reoperation 2-00 2-20 1-77 


Revascularisation at 
reoperation (n= 100):* 

` Complete 61 34 10 17 
Incomplete 39 21 4 14 


aa ЉЉ__——_—_———————— 


*Not determined with certainty in two patients. 
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for recurrent angina were excluded, recurrence occur- 
red at a mean interval of 25-4 ($0+22:5) months for 
those whose outcome was good and of 17-0 (19-9) 
months for those who fared poorly. after reoperation. 
Patients in whom incomplete revascularisation was 
implicated as a cause for recurrence fared slightly bet- 
ter after reoperation than those whose first operations 
were considered complete. 

Exercise tests were performed in 47 subjects at a 
mean interval after reoperation of 29-8 months. 
Twenty three patients achieved 2450 kpm on the 
bicycle ergometer, and seven > stage 3 of the mod- 
ified Bruce protocol on the treadmill. Twenty four 
patients also had preoperative tests. After reoperation 
10 patients achieved a higher workload, six the same, 
and eight only a lower maximum. 

At follow up 5396 of patients were receiving beta 
blocking drugs.and 50% nitrates regularly. 


Discussion 


The majority of patients in this and other reported 
studies underwent reoperation for the persistence or 
recurrence of severe angina. The results of reopera- 
tion do not seem to have been compared with those of 
continuing medical management in this situation. 
Nevertheless, as angina had proved refractory to 
optimal medical treatment, often for many months, 
the symptoms would probably not have resolved 
spontaneously in an appreciable number of patients 
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without reoperation. Reoperation can be performed 
with a relatively low mortality (Table 6), which it 
nevertheless higher than for first operations,! and the 
risk of complications also tends to be higher. The 
most notable problems relate to resternotomy, when a 
previously placed graft to the left anterior descending 
artery is at risk.!!!? Up to 10% of patients may 
require further resternotomy for postoperative bleed- 
ing.? 

Most patients in reported series derive benefit from 
further revascularisation, but often only a few gain 
complete relief from angina (Table 6). Our results are 
similar. Reoperation is usually regarded as a symp- 
tomatic measure, and it is therefore appropriate to 
assess the outcome in terms of patients’ subjective 
description of their symptoms. This assessment does 
not always yield a clearly defined end point, and the 
patients’ perception of their symptoms may also 
depend on many extraneous influences, such as 
depression or inappropriate expectations. For these 
reasons we attempted to make an objective assessment 
by formal examination of exercise performance, 
although we recognise that the maximum workload is 
also dependent on the patient's co-operation and 
enthusiasm. Table 7 shows the relation between the 
maximum exercise workloads achieved and the 
patient's subjective assessment of symptoms. It is a 
matter of interpretation which means of expressing 
the outcome is the more valid. Our exercise test data 
are incomplete. It was clinical policy at this centre not 


Table 6 Figures for survival and outcome after reoperation derived from series published between 1978 and 1983. Figures marked 


with + are percentages of surviving patients 











Centre No of patients Mean follow up Survival Minimal or Satisfactory outcome 
in study interval (96) no angina (96) (%) 

Cleveland? 500 5 yr 89 60 89 

Houston? 168 6 yr 82 — 84* 

Mayo Clinics 106 43 mnth 91 28 63 (at 5 years) 

Los Angeles? 79 32 mnth 86 38 71 

Portland? 79 2yr 95 — 88 

Ottawa!! 74 23 mnth 97 52 77 

Stanford? 71 2-2 yr 89 27 59 

Rotterdam! 53 3-5 yr 91 35 88 

New York! 48 — 88 86 90* 

Montreal!5 43 30 mnth 95 — 85 (symptomatic 

: patients) 
Washington!6 40 6 mnth to 6 yr 98 23 3 
Hammersmith!” 34 math 97 42 69 





Table 7 Comparison between the results of postoperative exercise testing and patients’ subjective assessment of their symptoms after 





reoperation 
Symptomatic Maximum workload (kpm (treadmill stage)) 
outcome 
300 450 600 750 
(1) (2) (3) (>4) 
Good 5 7 9 6 
Intermediate 1 4 2 — 
Poor 6 4 3 — 
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to subject patients who had angina at rest to exercise 
testing, and many patients fell into this category. 
Many patients lived at considerable distance from the 
hospital and were not available for postoperative test- 
ing. 

The position regarding symptomless patients, in 
whom angiography postoperatively shows -unsatisfac- 
tory revascularisation, is less clear. Reported results 
are conflicting.!! !5 At present the usual clinical prac- 
tice is to consider reoperation only in patients with 
symptoms. 

The age and sex distribution and incidence of dia- 
betes, smoking, hyperlipidaemia, and hypertension 
are typical of those reported elsewhere.” An apprecia- 
tion of any factors which presage a good or poor out- 
come would be valuable to clinical management. It 
was disappointing in this study that no such factors 

.clearly emerged. We failed to find any influence of the 
cause of recurrent angina after first operation on out- 
come, which is in agreement with several other 
studies,5"!? although Laird-Meeter et al found that 
patients with failed grafts fared worse than those with 
progressive disease.'? The data shown here of our 
current and expanded experience do not confirm the 
earlier observation’ that patients who receive grafts 
only to previously ungrafted vessels fare better than 
those requiring grafts to vessels already grafted. We 
noted a slight trend for a shorter interval to recurrence 
of angina to correlate with a poorer outcome, and a 
significant such correlation is reported by Krause et 
al.'? This observation could be explained by postulat- 
ing more aggressive coronary disease in these patients. 
Patients whose recurrence is attributable to graft fail- 
ure tend to have an earlier return of angina than those 
whose cause is progressive disease,? !? but in all cases 
angiography remains mandatory for anyone in whom 
reoperation is contemplated. 

An assessment of the completeness of revascularisa- 
tion at reoperation did not help determine outcome, 
perhaps because vessels considered to be too small to 
graft were not included in the analysis. Such small 
vessels might still be responsible for further symp- 
toms. 

Patients requiring reoperation have a high inci- 
dence of risk factors.!5 Although these do not usually 
exert any adverse influence on outcome after reopera- 
tion,!° it seems prudent to give firm advice to abstain 
from smoking. We found diabetes over-represented in 
the group who fared poorly after reoperation, but the 
numbers are too small to derive statistical inference. 
Diabetes has a mildly deleterious effect on outcome 
after primary revascularisation, which is not con- 
sidered sufficiently adverse to disbar diabetics from 
surgery. !9 20 

Our results in patients with longer follow up are 
less encouraging (Fig. 2). The interval over which 
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patients are studied may not be the only determinant 
of outcome. Those with longest follow up are also 
those reoperated on earlier in the series, when experi- 
ence in the procedure was less and selection criteria 
may have varied. The earlier patients (more than two 
years’ follow up) had fewer grafts inserted at their first 
operations (mean 1-92/patient) than the later patients 
(2-35/patient). For these later patients to receive only 
grafts to ungrafted vessels was unusual. Reported 
experience of long term results after reoperation 
remains limited (Table 6). 

This report includes a relatively high proportion of 
single vein graft procedures (27) at primary revas- 
cularisation, but 10 of these patients required more 
than one graft. Most of these incomplete operations 
date from early in the series, and current practice is to 
attempt complete revascularisation. There is theoreti- 
cal concern that patients who require surgery for 
intractable symptoms with single vessel disease may 
have a poorly developed collateral circulation which 
makes them susceptible to recurrence of angina if 
their sole graft ceases to function. In practice patients 
with single grafts are more prone to recurrence.? In 
our report only two patients underwent reoperation 
when failure of a single graft was the only cause of 
returning angina. Our experience is that the main risk 
for patients with single grafts is the development or 
progression of stenoses in ungrafted vessels. In future 
angioplasty may defer the need for surgery until mul- 
tiple grafts are required. 

The strategy for the surgical management of coro- 
nary artery disease must take cognisance of the 
increasing likelihood of recurrent angina as time 
elapses after initial revascularisation. In this study we 
detected a similar trend after reoperation. It seems 
intuitively probable that factors that militate against a 
successful outcome to the first procedure may be 
operative after further surgery. It is premature to 
establish the role of third procedures, although results 
can be expected to be less promising than after first or 
second operations. Not all patients with recurrent 
angina will be suitable for reoperation; experience 
relates only to those in whom surgery appears techni- 
cally feasible, which may comprise only a third of the 
total.!? Progression of minor stenoses to those of 
haemodynamic importance has been reported,? and 
this evidence has been cited to indicate the need to 
bypass them at first operation to obviate the need for 
later revascularisation. Current practice is to place 
more grafts than was formerly usual. 

Surgical management may be viewed as a series of 
palliative procedures, initially highly successful, in an 
inexorably progressive disease. The reasonable expec- 
tation of further improvement of symptoms, possibly 
for many years if severe angina recurs, remains a 
worthwhile objective, which can be achieved at low 
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risk by reoperation when angiography shows that 
surgery is technically feasible. 

The reoperations were performed by Mr J Pepper, Mr 
M Sturridge, and Mr J Wright. We thank the physi- 
cians and general practitioners who supplied informa- 
tion on the progress of their patients. 
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Abrupt withdrawal of atenolol in patients with severe 
angina 
Comparison with the effects of treatment 
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SUMMARY The effects of abrupt withdrawal of atenolol, a long acting cardioselective beta blocker, 
were studied in 20 patients with severe stable angina pectoris admitted to hospital for coronary 
arteriography. During the 144 hour postwithdrawal period no serious coronary events occurred. 
Mean and maximal daily heart rates rose steadily for at least 120 hours. No important arrhythmias 
were noted on ambulatory electrocardiographic monitoring. Treadmill exercise testing at 120 hours 
showed little reduction in the times to angina, ST depression, and maximal exercise when compared 
with those recorded at 24 hours. This deterioration was small when contrasted with the improve- 
ments in these indices produced by atenolol treatment in a similar group of patients not admitted to 
hospital. 

No change in catecholamine concentrations or acceleration of the heart rate response to exercise 
occurred after atenolol withdrawal, suggesting that rebound adrenergic stimulation or hypersensitiv- 
ity was absent or insignificant. Catastrophic coronary events after beta blockade withdrawal (the 
beta blockade withdrawal syndrome) have occurred almost exclusively in patients taking prop- 
ranolol, many of whom had unstable angina at the time of withdrawal. This study showed that in 
patients with stable angina, even when severe, the abrupt withdrawal of atenolol can be expected to 
result in only minor clinical consequences. The risk to any patient of so called rebound events after 
withdrawal of beta blockade seems to be related to both the clinical setting and the agent being used. 


Beta adrenergic blocking agents are widely used in 
patients with ischaemic heart disease, both in the 
treatment of angina and for secondary prevention of 
myocardial infarction.!? While patients with angina 
would be expected to experience some symptomatic 
deterioration on withdrawal of beta blockade a few 
have suffered dramatic or catastrophic coronary 
events after beta blockade withdrawal; hence a 
specific beta-blockade withdrawal syndrome has been 
reported .3~ 5 

Between 1973 and 1976 about 33 such cases were 
reported, all related to propranolol. These included 
patients who developed acute coronary insufficiency, 
acute myocardial infarction, or sudden death up to 
three weeks after propranolol  withdrawal.9 8 
Although numerous beta blocking agents have been 
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introduced since then, very few additional cases of the 
withdrawal syndrome have been reported.’ 

Atenolol is a widely used, long acting, water solu- 
ble, cardioselective beta blocker which has not as yet 
been associated with a withdrawal syndrome. 
Although this may be due to a lack of reporting as a 
result of general acceptance of the syndrome, the rela- 
tively long period for which beta blockade persists 
after atenolol withdrawal may possibly protect against 
these so called rebound events. !° 

This study was designed to document the effects of 
abrupt atenolol withdrawal on angina severity and 
exercise tolerance in a high risk group of patients 
admitted to hospital (group 1). Evidence of increased 
sympathetic output, which has been seen after beta 
blockade withdrawal in some hypertensive patients,!! 
was sought by recording daily changes in heart rate 
and catecholamine concentrations for 120 hours after 
atenolol withdrawal. 

To determine whether the adverse effects of 
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atenolol withdrawal were disproportionate to its 
therapeutic effect, and thus consistent with a true 
rebound phenomenon, the changes in exercise test 
indices which relate to the severity of myocardial 
ischaemia—that is, times to angina and ST segment 
depression and total exercise time—which followed 
atenolol withdrawal were compared with those pro- 
duced by atenolol in a similar group of angina patients 
not admitted to hospital (group 2). 

Of the various mechanisms proposed for the beta 
blockade withdrawal syndrome, rebound adrenergic 
hypersensitivity has received the greatest atten- 
tion.!!7 13 In a study of euthyroid and hyperthyroid 
subjects this phenomenon was seen at 4—7 days after 
atenolol withdrawal.'4 To examine its possible clinical 
significance in patients with angina the rate of acceler- 
ation of heart rate during exercise, which in part 
relates to sympathetic responsiveness, was measured 
five days after withdrawal and compared with that in 
patients in group 2. 


Patients and methods 


Twenty patients with chronic stable angina (group 1) 
were Selected for the study, which was to be carried 
out during hospital admission for coronary arteriog- 
raphy with a view to surgery. They were aged 36-60 
(mean age 50) years; 19 were male and one was 
female. All had been receiving beta blockade for at 
least three months, and despite treatment with their 
current regimen of atenolol 100 mg daily all com- 
plained of class III or IV (NYHA classification) 
angina. Hypertensive patients and patients with un- 
stable angina were excluded. No additional antiangi- 
nal medication other than sublingual glyceryl trini- 
trate had been taken during the two weeks before 
admission. 

Patients were admitted on day 0, when they 
received atenolol 100 mg at 0900. No further dose was 
given until day 6, 144 hours later, before discharge. 
They were questioned daily regarding any change in 
their angina pattern. Coronary arteriography was per- 
formed on day 3. 


AMBULATORY MONITORING 
Continuous ambulatory electrocardiographic monitor- 
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ing (lead CM5) was performed from day 1 to day 
5—that is, from 24 to 120 hours after the last dose. 
Oxford Medilog 1 recorders were used with Reynolds 
Pathfinder analysis. Total, peak, and mean heart rates 
for each 24 hour period were calculated, together with 
the total number of extrasystoles and ST segment 
trends. 


EXERCISE TESTING 

Maximal treadmill exercise testing using a modified 
Bruce protocol and 12 lead electrocardiographic 
monitoring was performed at 24 and 120 hours after 
the last dose of atenolol. The electrocardiogram was 
recorded at rest and after each minute of exercise. 
Arm blood pressure was recorded at one minute 
intervals using a sphygmomanometer. 

These two tests were performed so that changes in 
exercise performance and threshold for myocardial 
ischaemia resulting from atenolol withdrawal might 
be measured quantitatively. Without an initial exer- 
cise test before treatment with atenolol it would, how- 
ever, be impossible to state with certainty whether a 
deterioration in exercise tolerance between days 1 and 
5 represented a true rebound phenomenon or simply 
the removal of a beneficial effect. Since a pretreatment 
test was not performed, the exercise test results of 
these patients (group 1) were compared with those in 
a group of 28 patients with stable class II to IV angina 
who were being given atenolol 100 mg daily as their 
only treatment (group 2). Using the same exercise 
protocol, these patients were exercised before treat- 
ment and again after four weeks of treatment, the 
second test being at two hours after a morning dose. 
The changes in exercise performance in group 2 thus 
reflect the objective benefits of atenolol treatment and 
provide a valid yardstick with which to compare the 
deleterious effects of withdrawal. The Table shows 
the clinical features of the two groups. 


HEART RATE CHANGES DURING EXERCISE 

The rate of acceleration in heart rate was defined as 
the absolute change in heart rate during exercise 
(maximum rate minus resting rate) divided by the 
number of minutes exercised. This value in beats per 
minute was calculated for group 1 patients on day 5 
and for group 2 patients before treatment. 


Table Clinical features of 20 patients in whom atenolol was withdrawn (group 1) and in 28 starting treatment with atenolol 

















(group 2) 
me M ————M—————M Á— 
Sex Age (yr) Grade of angina 
(MIF) 
Mean Range I II ІІ IV 
Group 1 191 50 36—60 0 0 4 16 
Group 2 244 52 32—61 0 7 6 15 
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CATECHOLAMINE EXCRETION 

Plasma noradrenaline concentration was measured 
daily from day 1 to 5 in the first seven patients by the 
radioenzymatic method of Henry et al,!5 both after 
resting supine for 30 minutes and after tilting at 65? 
for five minutes. 

Twenty four hour urinary excretion of 
catecholamines was measured in 11 patients by the 
trihydroxyindole method; the amines were extracted 
with alumina at pH 8:5 and the final fluorescence was 
read in a Perkin-Elmer spectrofluorimeter. The excre- 
tion of vanilmandelic acid in the urine was measured 
in these patients by the spectrophotometric method of 
Pisano et al. 16 


STATISTICAL ANALYSIS 

All statistical analysis was by Students paired t test for 
within group comparisons and by the unpaired ¢ test 
for comparisons between groups 1 and 2. 


Results 


SYMPTOMATIC CHANGES (GROUP 1) 
No serious complication arose during the withdrawal 
period, and no patient required the early reintroduc- 
tion of beta blockade. No patient complained of so 
called withdrawal symptoms such as palpitation, 
headache, or anxiety.!? Three patients noticed a 
worsening of their angina, and one had a 30 minute 
episode of rest pain on day 5; all three experienced 
very easily induced angina on day 1—that is, by the 
fourth minute of the exercise protocol. 

Coronary arteriography was performed without 
incident on day 3. Eighteen patients had multivessel 
disease and two had single vessel disease. 


AMBULATORY MONITORING (GROUP 1) 

Analysis of peak and mean heart rates for each 24 
hour period was possible in 10 patients (Fig. 1) А 
steady day to day increase was seen, with no rebound 
tachycardia. 

The number of ventricular extrastysoles tended to 
increase as beta blockade disappeared (from 255 (64) 
(mean (SD)) on day 2-3 to 492 (954) on day 5-6 
(р<0:05)). No episodes of tachyarrhythmia were 
seen. 

Analysis of ST segment changes was possible in 
nine patients. Two had more ST depression on day 
5-6 than on day 2—3 but none showed a stepwise trend 
of worsening ST depression. 


EXERCISE TESTING (GROUPS 1 AND 2) 

Figure 2a shows the exercise times to angina and to 1 
mm ST depression and the total duration of exercise 
on days 1 and 5 in group 1. In the group as a whole 
there was a small significant reduction in the time. to 


Walker, Marshall, Farr, Bauminger, Walters, Barritt 
150 


Fp«0-0H 


126 
123 9(21) 


111 (22) 


Heart rate (beats/min) 
68S 
© 
су 


40 


Fp« 0:01H-p«0-014- p « 0:01H 
абала 
1-2 2-3 3-4 4-5 
Days since last dose'of atenolol 
Fig. 1 Peak (О) and mean (€) daily heart rates 
in 10 patients (group 1) after atenolol withdrawal 
recorded by continuous ambulatory 
electrocardiographic monitoring. Values are mean 
(SD). 


ST depression on day 5 but no change in the time to 
angina or the total exercise time. Individually, eight 
patients showed >10% deterioration in the exercise 
time to both angina and ST depression on day 5, but 
in no instance was this particularly pronounced. 
Seven patients showed no deterioration in either 
index, while two patients showed improvement in 
both. 

Figure 2 also shows the results of exercise testing in 
the patients in group 2, performed before and during 
atenolol treatment. These twenty eight patients 
derived a highly significant benefit from atenolol, 
which in every respect exceeded the deterioration 
which followed atenolol withdrawal in the patients in 
group 1. 


Heart rate changes 

The mean resting heart rate in group 1 patients before 
exercise testing on day 5 was 79 (13) beats/min com- 
pared with 72 (13) beats/min in untreated group 2 
patients (NS). During exercise testing heart rates rose 
by a mean of 8-8 (7-4) beats/min in group 1 and by 
10-0 (5-3) beats/min in group 2 (NS). One patient in 
group 1 was exercised for only 1:3 minutes on day 5 
compared with 3-0 minutes on day 1; on both occa- 
sions he had an exaggerated heart rate response to 
exercise (17 beats/min on day 1 and 35 beats/min on 
day 5). Angina developed within the first minute of 
both tests. This patient had very severe coronary dis- 
ease with impaired left ventricular function and died 
during aortocoronary bypass surgery three weeks 
later. If he is excluded from the analysis then a 
significantly slower rate of rise in heart rate occurred 
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Total exercise time 
р<0:005 
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Fig. 2 Results of treadmill exercise testing in (a) 20 patients (group 1) performed 24 hours (day 1) and 120 hours 
(day 5) after atenolol was last taken (individual values and mean (SD) values are shown; values for only those 18 
patients who developed angina or ST depression on both days 1 and 5 are given) and (b) 28 patients (group 2) 
performed before (test 1) and during treatment with atenolol 100 mg daily (test 2). Test 2 took place after four 
weeks’ treatment two hours after a morning dose. Values are mean (SD). 


after atenolol withdrawal than in the patients in group 
2 (7-4 (4-3) vs 10-0 (5-3) beats/min, p<0-05). 


CATECHOLAMINE EXCRETION . 

Figure 3 shows the plasma noradrenaline estimations. 
No trend of rising or falling concentrations was'seen. 
Day to day variations during recumbency and tilting 
fell within the range of variability found in a small 
group of healthy, untreated subjects, whose norad- 
renaline concentrations were measured:;on two sepa- 
rate days (Fig. 4). Thus mean concentrations in' seven 
_» patients in group 1 showed day to day variations of up 


to 3596 (recumbent) and 696 (tilted), while individual 
variability of up to 7396 and 2596 respectively was 
observed in the healthy subjects. One patient showed 
a 10096 increase in noradrenaline concentration dur- 
ing recumbency on the.day of coronary arteriography, 
compared with the previous day’s concentration but 
little further rise on tilting. On-every other day his 
recumbent concentration was around 500 ng/l. This 
patient explains the high mean value on day 3. 
Figure 5 shows the urinary catecholamine and van- 


ilmandelic acid excretions. Again, no significant : 


changes-followed atenolol withdrawal. 
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Fig.3 Plasma noradrenaline concentrations measured daily for 
five days after atenolol withdrawal in seven patients in group 1, 
supine (@) and after tilting (О) at 65° for five minutes. Values 
are mean (SEM). n 
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Fig. 4 Plasma noradrenaline concentrations measured in four 
healthy, untreated subjects on two separate days supine (€) and 
after tilting (O) at 65? for five minutes. 


Discussion 


Many of the case reports describing the beta blockade 
withdrawal syndrome concerned patients. with 
worsening or unstable angina at the time of with- 
drawal.* This contrasts with planned studies of beta 
blockade withdrawal such as the present study, which 
have for ethical reasons excluded such patients. Thus 
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Fig. 5 Twenty four hour urinary catecholamine (О) and 
vanilmandelic acid (УМА) (©) excretion measured daily in 11 
patients for five days after atenolol withdrawal. Values are 
mean (SD). 


in one prospective series in 100 consecutive patients 
admitted for coronary arteriography propranolol was 
withdrawn for a mean period of 39 hours.!7 Ninety 
patients reported no worsening of angina, and coro- 
nary events were no more frequent than in the period 
preceding withdrawal. In a retrospective study the 
morbidity among 55 inpatients in whom propranolol 
had been withdrawn for a mean of 80 hours was no 
greater than in 47 control patients who continued to 
take propranolol.!8 Since propanolol is of proven 
value in treating stable angina!? the absence of any 
apparent symptomatic deterioration in such inpatients 
is presumably the result of the reduction in physical 
activity which follows admission to hospital. It could 
be argued that the postwithdrawal periods in these 
two studies were too short, since propranolol with- 
drawal phenomena appear to be most common bet- 
ween four and seven days after stopping treatment.* !? 
Our study endeavoured to assess symptomatic 
changes objectively using two standardised exercise 
tests; the first at a time when therapeutic beta block- 
ade was present and the second during the period 
when rebound hypersensitivity and hence symptoma- 
tic deterioration should have been most pro- 
nounced.!? 14 We used a postwithdrawal period of 144 
hours, which with hindsight could perhaps have been 
made even longer since at 96 hours after the last dose 
there was evidence of persisting beta blockade on 
ambulatory heart rate analysis. 

Comparison of the two exercise tests showed a sur- 
prisingly small symptomatic deterioration after 
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atenolol withdrawal: of the times to angina and ST 
depression and the total exercise time, only the time 
to ST depression was significantly reduced. This was 
in sharp contrast to the improvement in each of these 
exercise test indices produced by atenolol treatment in 
the patients in group 2. This disparity was not due to 
an absence of effective beta blockade on day 1, since 
heart rates both before and at peak exercise were 
much lower on day 1 than on day 5 (61 (8) and 
114 (19) beats/min respectively on day 1 vs 79 (13) 
and 131 (19) on day 5, p«0-01); neither was the 
symptomatic status of the two groups of patients very 
dissimilar, as judged by their exercise test perfor- 
mances without atenolol (compare Figs. 2 and 3). 
More probably, the apparent discrepancy between the 
effects of treatment and withdrawal resulted from the 
difference in the timing of exercise tests in the two 
groups (24 hours after atenolol in group 1 and two 
hours after atenolol in group 2),?° together with a 
small training effect and some possible persistence of 
beta blockade on day 5. In the event, it seems reason- 
able to conclude that atenolol withdrawal led to a low- 
ering of the exercise threshold for myocardial 
ischaemia which was certainly no greater than the 
removal of its therapeutic effect and which therefore 
was not in keeping with a rebound phenomenon. 

It has been suggested that withdrawal phenomena 
might be prevented by a gradual tailing off of the dose 
of beta blocker.4 8 2! This study and оћегѕ22- 24 show 
that even after withdrawal of shorter acting agents 
such as propranolol there is a gradual increase in heart 
rate over several days, suggesting that a gradual 
reduction in dosage is unnecessary. 

The mechanisms by which beta blockade with- 
drawal might cause catastrophic coronary events 
remain controversial. The chief action of these agents 
in angina is to reduce myocardial oxygen demand, 
mainly by reducing heart rate and double pro- 
‘duct.?4~ 26 It has reasonably been suggested that by 
‘causing a rise in these determinants of oxygen con- 
sumption beta blockade withdrawal could cause 
myocardial ischaemia and necrosis even under resting 
conditions.?^? In the present study, however, 
myocardial ischaemia, as shown by angina and ST 
segment depression, developed at considerably higher 
heart rates (up to 35 beats/min) and. double products 
on day 5 than on day 1. This effect of atenolol (and 
other beta blockers?) of reducing considerably the 
heart rate at which angina develops was even more 
pronounced in the group 2 patients (97 (15) beats/min 
during treatment vs 120 (15) beats/min before treat- 
ment, p«0-0001). Therefore, while beta blockade 
withdrawal increases the basal heart rate, the rate at 
which ischaemia develops is reset at a higher level; 
hence, in some patients atenolol withdrawal produced 
no deterioration, just as in some patients beta block- 
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ade produces no objective benefit.28~ 3° 

A second mechanism proposed for withdrawal 
phenomena is rebound hypersensitivity of cardiac 
beta receptors to circulating catecholamines.!!~ 13 
While hypersensitivity to infused isoprenaline has 
been seen after propranolol withdrawal in hyperten- 
sive!? and normal!! subjects other studies have not 
confirmed this phenomenon.?! 32 At the time when 
rebound hypersensitivity is said to be present after 
atenolol withdrawal!^ no acceleration of the heart rate 
response with exercise was seen in our patients in 
group 1 when compared with group 2. In the one 
patient who had an exaggerated response the cause 
was almost certainly exercise induced pump failure?? 
since it was present on day 1 as well as on day 5. An 
exaggerated heart rate response to exercise was 
Observed in five normal subjects at 66 hours after 
propranolol withdrawal, but not when these subjects 
were withdrawn from atenolol.34 Thus although 
adrenergic hypersensitivity may occur after atenolol 
withdrawal by mechanisms which increase sympathe- 
tic drive,!4 it appears to exert no influence on the 
heart rate response during normal physical activity. 

An increase in the concentrations of circulating 
catecholamines after beta blockade withdrawal has 
been found in some hypertensive patients!? while in 
others the concentrations fell?5 or did not change.?5 In 
a normotensive group of patients with angina (a group 
resembling our own) Lindenfeld et al found no change 
in plasma noradrenaline concentration after prop- 
ranolol withdrawal??; similarly, in a small group of 
normal normotensive subjects no change in plasma 
noradrenaline concentrations followed withdrawal of . 
either propranolol or atenolol.34 Alterations in con- 
centrations of circulating catecholamines after beta 
blockade withdrawal may therefore be peculiar to 
hypertensive subjects, in whom abnormal sympathe- 
tic activity has been reported.?? 

Thus the abrupt withdrawal of atenolol in 20 
patients with severe angina produced minor clinical 
effects which were no greater than those expected 
from the removal of its therapeutic effect and was 
unaccompanied by evidence of sympathetic overactiv- 
ity or adrenergic hypersensitivity. Serious coronary 
events after beta blockade withdrawal have occurred 
almost exclusively in patients with severe or worsen- 
ing angina who were taking shorter acting agents, and 
in such patients the abrupt stopping of treatment out- 
side hospital would obviously be unwise. While rare 
idiosyncratic reactions to beta blockade may have 
occurred, and could never be ruled out by a prospec- 
tive study, this study shows that the clinical consequ- 
ences of abrupt atenolol withdrawal are usually minor 
and predictable corresponding with a gradual disap- 
pearance of beta blockade over several days. In 
patients with less severe or no angina atenolol with- 
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drawal would therefore be expected to carry no 
appreciable risk of precipitating a coronary event. 
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Comparison of ventricular emptying with and without a 
pressure gradient in patients with hypertrophic 
cardiomyopathy 
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SUMMARY Thirty three patients with hypertrophic cardiomyopathy were studied to determine 
whether the presence of an intraventricular pressure gradient impaired left ventricular emptying. 
Patients with resting gradients had a higher mean left ventricular ejection fraction (92 (6-4)96) than 
patients without a resting or inducible pressure gradient (75-5 (9)96). The rate and degree of empty- 
ing increased when gradients >85 mm Hg were induced in two patients with insignificant mitral 
regurgitation. 

If the.induced gradients had been the result of obstruction a decrease in the rate or degree of 
ventricular emptying would be expected. Higher ejection fractions in patients with intracavitary 
pressure gradients as well as enhanced rate and degree of left ventricular emptying with induced 
gradients are inconsistent with outflow obstruction. These findings support the concept that cavity 
obliteration is responsible for the pressure gradient in these patients with hypertrophic car- 
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diomyopathy. 


There is a controversy about the importance of 
intraventricular pressure gradients in patients with 
hypertrophic cardiomyopathy. The presence of 
intracavitary left ventricular pressure gradients in 
patients without intraoperative or postmortem 
anatomical evidence of obstruction led Brock to the 
concept of a “functional obstruction of the left ventri- 
cle" in the late 1950s.!? Although the precise site of 
functional obstruction was initially thought to be a 
muscular sphincter or “contraction ring”’,!~® systolic 
anterior motion of the anterior mitral leaflet with 
apposition of the leaflet with the ventricular septum 
has been generally accepted as the anatomical basis for 
the pressure gradient and for an impediment to egress 
of blood from the left ventricle.” 12 The ability of the 
ventricle to empty rapidly in the presence of outflow 
tract obstruction has been attributed to late systolic 
mitral regurgitation. !? 

An alternative non-obstructive basis for the 
intracavitary pressure gradient in hypertrophic car- 
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diomyopathy derives its theoretical premise from the 
work of Gauer and Gauer and Henry who recorded 
gradients within the hyperkinetic and hypovolaemic 
left ventricle in experimental animals during haemor- 
rhagic shock and during the application of negative 
gravitational  forces.!?!4^ This non-obstructive 
mechanism (cavitary obliteration or elimination) has 
been shown to be responsible for intracavitary left 
ventricular gradients in experimental animals and in 
man during various conditions which increase the 
contractile force or diminish the filling volume and 
peripheral resistance or both (for example, 
catecholamines,!5 septic shock,!6 amyl nitrite inhala- 
tion combined with the Valsalva manoeuvre or post- 
extrasystolic potentiation.!7) In the Gauer phenome- 
non, a pressure gradient develops within a hyper- 
dynamic ventricle. The outflow tract shares the same 
systolic pressure as the aorta beyond, since they are in 
free communication. The left ventricular body gener- 
ates a higher pressure as it progressively separates 
itself from the outflow tract while obliterating its cav- 
ity. 

These diametrically opposed explanations of the 


' pressure gradient in hypertrophic cardiomyopathy 
- . have not:been satisfactorily resolved. The purpose of 
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Table 1 Haemodynamic findings in 33 patients with hypertrophic cardiomypathy. Values are mean (SD) 





Group 1 

Mean (SD) age (yr) 60 (12) 
Sex (M/F) 58 
Mean right atrial pressure (nm Hg) 4-6 (4-9) 
Pulmonary artery pressure (mm Hg) 

Systolic 28 (8) 

Diastolic 13 (5) 
Left ventricular end diastolic иеш {т На) Hg) 15 
Left ventricular systolic pressure (mm 121 i. 
Cardiac index (l/min per m?) (0-4) 
Resting gradient (mm Hg) 0 
Inducible gradient (mm Hg) 0 


Group 2 Group 3 All groups 
57-7 (19) 50-5 (19) 55 (18) 
6/4 7/8 18/5 
44 (2-9) 4-2 (24) 43 (3) 
27 (8) 30 (7) 29 (7) 
12 (6 12 (4) 12 (5 
19 (9) 15(5 . 16 (7) 
142 (25) 189 (28) 158 (39) 
2:9 (1-0) 3- (0-9) 2-8 (0-8) 
77 (36) 
93 (42) 140 (33) 





*Group 1 < group 2 < group 3 (p < 0-05). 
TThree patients had resting gradient < 15 mm Hg. 


the current investigation was to use quantitative left 


ventricular angiography in patients with hypertrophic : 


cardiomyopathy to study the relation between the 
pressure gradient and the ability of the ventricle to 
empty itself. Since previous investigations into the 
rate of left ventricular emptying have compared 
patients with hypertrophic cardiomyopathy with 
normal control subjects or patients with aortic 
stenosis,!8~21 we particularly wanted to study the 
effect of an induced pressure gradient on left ventricu- 
lar emptying in selected patients with hypertrophic 
cardiomyopathy without significant mitral regurgita- 
tion so that each patient served as his own control. 


Patients and methods 


Thirty three patients (18 men, 15 women mean (SD) 
age 55 (18) years) with clinical, echocardiographic, 
haemodynamic, and cineangiographic evidence of 
hypertrophic cardiomyopathy were classified into 
three groups on the basis of the absence of a resting or 
inducible intraventricular gradient (group 1), an 
inducible gradient (group 2), and a resting gradient of 
>25 mm Hg (group 3). 


CINEANGIOGRAPHY 

Cineangiography was performed with left ventricular 
injections of 0-5 to 0:8 ml/kg of contrast medium іп 
2—3 s, recorded at 30 to 60 frames per second on 35 


Table 2 Severity of mitral regurgitation in 33 patients with 
hypertrophic cardiomyopathy. Figures are numbers of patients 


Degree of mitral regurgitation* 





0 1+ 2+ 3+ 4+ 
Group 1 (n=8) 
(no gradient) 4 2 1 1 0 
Group 2 (n=10) 
(provokable gradient) 4 5 1 0 0 
Group 3 (п=15) ~ 
(resting gradient) 2 7 4 2 0 


*From Grossman.?? 


mm film. A calibration object was filmed at the plane 


sof: the. mid ventricle for quantitation of volume. Ven- 
‘triculat volume was determined by the Kennedy mod- 


ification: of. the Dodge area-length formula for the 
right. anterior: -oblique projection.23 The ejection frac- 
tion was, calculated in all 33 patients from normal 
sinus rhythm ‘beats which did not follow premature 
ventricular contractions. 

The left ventricular cineangiograms of two of the 
patients (cases ] and 2) in whom a pressure gradient 
could be induced were analysed in more detail. These 
patients were selected because of the absence of 
significant mitral regurgitation and because the edges 
of the angiographic silhouettes were clearly delineated 
permitting reproducible frame by frame volume 
determinations. These two patients had angiograms 
recorded during the absence of an intraventricular 


. pressure gradient and after a significant gradient (785 


mm Hg) had been induced. Neither of these patients 
had significant (7 1--) mitral regurgitation in that the 
atrium was only faintly opacified during systole and 
cleared completely with each diastole.2? Frame by 
frame determinations of ventricular volume also per- 
mitted a correlation of pressure and volume. 

In the frame by frame analysis of the cineangio- 
grams of one patient (case 1) two or more cardiac 
cycles were plotted to ensure reproducibility. There 
was a «10 ml difference between matched frames at 
the same phase of the cardiac cycle, and the filling and 
emptying slopes of each beat could be superimposed. 
A gradient was induced with an infusion of sodium. 
nitroprusside sufficient to reduce the systolic arterial 
pressure to 120 mm Hg, which was this patient's 
normal resting pressure. The timing of systolic 
anterior motion-septal contact was determined in this 
patient from the left anterior oblique projection.?* A 
postectopic beat phenomenon induced a gradient of 
110 mm Hg in one patient (case 2) who had no gra- 
dient at rest. 


STATISTICAL ANALYSIS 
A statistical analysis of the differences in left ventricu- 
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Fig. 1 Angiographic left ventricular ejection fractions in 33 
patients with hypertrophic cardiomyopathy with no gradient 
(group І), an inducible gradient (group 2), and a resting gradient 
(group 3). 


lar ejection fraction between the three groups was per- 

formed using a one way analysis of variance.?5 Since 

the three groups did not come from the same sample 

linear contrasts were performed using the Boneferoni 

correction for multiple comparisons assuming a 

pooled уагіапсе.26 Group comparisons of 

haemodynamic findings were performed using the 

Tukey method and the BMDP statistical package.?5 . 
All values are expressed as mean (one standard devia- 

tion). 


Results 


There was no significant difference in age, right heart 
pressures, left ventricular end diastolic pressure, 
degree of mitral regurgitation, or cardiac index be- 
tween groups 1, 2, and 3 (Tables 1 and 2). 

Figure 1 shows the resting left ventricular ejection 
fractions for the thrée groups. Group 3 had a 
significantly higher mean ejection fraction (92 (6-4)96) 
than group 1 (75-5 (9)%, p<0-001). Similarly, group 
2 had a higher ejection fraction (85 (9)%) than group 1 
(p<0-05). Thus the group with the highest mean ejec- 
tion fraction had resting pressure gradients, the group 
in whom gradients could be induced had an inter- 
mediate mean value, and those with no gradient had 
the lowest mean value. Five group 2 patients had ejec- 
tion fractions calculated during control and induction 
of a pressure gradient, and each had an increase dur- 
ing the gradient from 2% to 9%. All three groups had 
significantly higher ejection fractions than the normal 
range (60 (8)%) for our laboratory (р<0-05).: 
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Control 


Nitroprusside 

Fig.2 Case 1: angiographic frame by frame data (a) and left 
heart pressures (b) during control (no gradient) and during 
nitroprusside infusion (87 mm Hg gradient). (a) The left 
ventricle empties more rapidly and completely (ejection fraction 
rose from 89 to 94%) and achieves a systolic volume of 5 ml well 
before aortic valve closure (AVC) (solid dot and arrow). The 
onset of systolic anterior motion-septal contact from the left 
anterior oblique cineangiogram is indicated by the inclined arrow. 
The aortic valve closed later in the gradient study owing to 
delayed relaxation of the ventricle. (O) the angiographic volumes 
without a gradient and (©) with a gradient. AVO, aortic valve 
opening. (b) Transseptal left ventricular and retrograde aortic 
pressures are shown with electrocardiograms and 
phonocardiograms. After sodium nitroprusside infusion, no 
change in heart rate occurs but a 87 mm Hg gradient develops 
between the left ventricle (LV) and aorta (AO), with the left 
ventricular systolic pressure remaining constant. 


Figures 2 and 3 show the haemodynamic, vol- 
umetric, and angiographic data from the patient in 
case 1 (group 2) before and after an 87 mm Hg pres- 
sure gradient had been induced with an infusion of 
sodium nitroprusside. This usually normotensive 
patient had a hypertensive response during cardiac 
catheterisation. The gradient resulted from a.decrease 
in aortic pressure, while the left ventricular pressure 
and heart rate remained constant (Fig. 2b). The left 
ventricular ejection fraction increased from 89% to 
94%. Frame by frame volume analysis shows that the 
rate and degree of emptying increased after the gra- 
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Fig. 3 
with nitroprusside. The degree of emptying during both studies caused obliteration of the cavity up to the level of the mitral valve and ts 
increased after the gradient 1s induced. 


dient was induced (Fig. 2a). The ventricle continued 
to empty rapidly to a small volume in the presence of a 
pressure gradient and systolic anterior motion-septal 
contact. 

Although the left ventricular emptying time (aortic 
valve opening to aortic valve closure) is prolonged in 
the presence of the pressure gradient, the left ventri- 
cle achieves a miniscule end systolic volume in half of 
the time available and maintains an isometric contrac- 
tion for the last half of systole. The delay in aortic 
valve closure and mitral valve opening reflects a more 
prolonged state of contraction or a reduced rate of 
relaxation or both. 

Figure 3 shows the end diastolic and end systolic 
frames from right anterior oblique ventriculograms. 
The end systolic volumes were calculated to be 10 ml 
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Gradient 


" 


Case 1: angiograms during (a) end diastole and ( b) end systole with no gradient and after an 87 mm Hg gradient was induced 


(control) and 4 ml (nitroprusside), reflecting an exces- 
sive degree of emptying under both conditions. 
Insignificant (< 1+) mitral regurgitation was seen dur- 
ing motion picture projection. 

Figures 4 and 5 show the data from the study of the 
patient in case 2 (group 2). A postectopic beat and the 
following normal sinus beat were analysed. Before the 
left ventriculogram, premature ventricular contrac- 
tions were induced by catheter manipulation, and the 
gradient between the left ventricle and femoral artery 
exceeded 110 mg Hg in the postectopic beat and the 
arterial pulse pressure decreased (Fig. 4b). Superim- 
position of the frame by frame plots of left ventricular 
emptying shows that there was more rapid and com- 
plete emptying during the postectopic beat in which 
the gradient was present (Fig. 4a). Trivial mitral reg- 
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Fig.4 Case 2: angiographic frame by frame data (a) and left heart pressures (b) during a postectopic beat and the following sinus 
beat. (a) The ventricle empties more rapidly but has a delayed relaxation and aortic valve closure (AVC) in the postectopic beat. (О) 
no gradient, (@) with gradient; AVO, aortic valve opening. (b) Left ventricular (LV) and femoral artery (FA) pressures with an 
induced premature ventricular contraction with the same coupling interval as the premature beat during the angiographic study. The 


postectopic beat develops a gradient of 110 mm Hg, and the arterial pressure a “spike and dome" contour typical of hypertrophic 


cardiomyopathy and no increase in pulse pressure. 


urgitation was seen on analysis of the motion picture 
but is not evident in the still frames (Fig. 5). As in the 
previous case, aortic valve closure and the onset of 
ventricular filling were delayed in the gradient beat 
despite the fact that the ventricle achieved a greater 
degree of emptying earlier in systole. 


Discussion 


When there is an impediment to left ventricular 
outflow, as in valvar aortic stenosis, there is a trans- 
valvar pressure gradient, a reduced rate of rise of the 
aortic systolic pressure, a prolonged ejection time, 
and a slow rate of ventricular emptying.!? Despite the 
hindrance to outflow, the hypertrophied left ventricle 
in aortic stenosis may maintain a normal or increased 
ejection fraction, but when the obstruction is surgi- 
cally relieved there is often an increase in the ejection 
fraction.?7 

The presence of a left ventricular outflow tract gra- 
dient and a prolonged ejection time in hypertrophic 
cardiomyopathy have been used as evidence of obs- 
truction.?829 An explanation of.the brisk aortic pulse 
contour characteristic of hypertrophic  car- 
diomyopathy has been that the ventricular outflow 
tract is initially widely patent and becomes progres- 


sively obstructed during systole.28 The rapid and 
complete emptying has been attributed to hyperfunc- 
tion of the hypertrophied muscle and late systolic 
mitral regurgitation.3° 

It is acknowledged that the presumed obstruction 
in hypertrophic cardiomyopathy is not comparable to 
valvar aortic stenosis in that proponents of obstruc- 
tion in hypertrophic cardiomyopathy have suggested 
that the early systolic rapid outflow followed by the 
absence of late systolic outflow is evidence of a 
“dynamic obstruction.” Calculations of the effective 
orifice size using hydrodynamic formulas have indi- 
cated that the outflow orifice is widely patent early in 
systole when there is high flow and a small gradient 
and then progressively narrows throughout systole. 
Pierce and Morrow stated “їп those instances where 
flow ceased and a pressure gradient persisted, one can 
only conclude that the subvalvular orifice closed com- 
pletely prior to closure of the aortic valve."?8 If such 
an obstruction were imposed in midsystole, there 
would probably be an abrupt change in the rate of left 
ventricular emptying, but the emptying curves in the 
present study were not slowed when the gradient was 
present nor was there a significant increase in the 
degree of mitral regurgitation to explain the rapid and 
complete emptying in these cases. 
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Fig. 5 Case 2: angiographic frames during (a) end diastole and (b) end systole of the postextrasystolic beat (gradient 110 
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mm Hg) and of the beat without a gradient. The degree of cavitary obliteration is increased during the postextrasystolic beat. 


A non-obstructive explanation of these unique 
haemodynamic features of hypertrophic car- 
diomyopathy has been that the ventricle ejects blood 
rapidly and obliterates the сауіту.!'* !» The data from 
our patients are consistent with the Gauer phenome- 
non, in which the pressure gradient results from the 
progressive separation of the body and outflow tract of 
the left ventricle. These two regions are not separated 
by an obstruction but by the opposing walls of the 
essentially empty body of the ventricle, which con- 
tract isometrically once the intracavitary contents 
have been ejected.!5 Cavity obliteration is therefore 
the antithesis of obstruction, in that the ventricle is 
unimpeded in its emptying. The ejection dynamics of 
hypertrophic cardiomyopathy have been well charac- 
terised by the work of Murgo and colleagues, who 
found a shortened ejection phase measured with a 
flow-velocity probe in the aortic root in patients with 
or without pressure gradients.?! Closure of the aortic 
valve occurred considerably after the cessation of for- 


ward flow, following the onset of ventricular relaxa- 
tion.?! Ventricular diastolic function is known to be 
abnormal in hypertrophic cardiomyopathy, with a 
delayed relaxation and diminished  distensibil- 
ity,*?' ** and the prolonged ejection time may be 
more related to abnormalities of diastolic relaxation 
than prolongation of ejection.?* 

“Catheter entrapment"?* describes artifactually 
high left ventricular pressures which can be recorded 
from catheters embedded in the myocardium which 
measure subendocardial myocardial tissue pressure. 
Although catheter entrapment has been equated with 
cavity obliteration,?* they are quite different 
phenomena. Unlike catheter entrapment blood is 
ejected during systole from the open end of a catheter 
in an obliterating cavity and the pressure decline is 
not delayed.'5'? The validity of high inflow tract 
pressure as a criterion for true obstruction?* can be 
questioned when the inflow tract is seen to be obliter- 
ated in angiograms (Figs. 3 and 5) and cross sectional 
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Fig. 6 (a) Diagram of the relation between the pressure gradient, systolic anterior motion (SAM), and the 
obliterated left ventricular (LV) cavity based on the parasternal long axis cross sectional echocardiogram of a 
patient with hypertrophic cardiomyopathy and vertically aligned with a left heart pressure withdrawal recording so 
that the site of the pressure change can be seen at the junction of the obliterated body of the ventricle and the patent 
outflow tract (LVOT). The outflow tract is in free communication with the aorta (AO) and shares the same systolic 
pressure, while the pressure in the body is higher because of the progressive separation of the two left ventricular 
zones by cavitary obliteration. (b) Three M mode echocardiograms showing systolic anterior motion (centre panel 
and cross sectional long axis view), which is seen to be a result of the complete emptying of the ventricle. The beam 
angles are shown. IVS, interventricular septum; LVPW, left ventricular posterior wall; LA, left atrium. 


echocardiograms?* (Fig. 6). 

The increased ejection fractions in patients with 
hypertrophic cardiomyopathy and the trend toward 
higher values in hypertrophic cardiomyopathy 
patients with resting pressure gradients (Fig. 1) has 
been previously documented using radiographic and 
radionuclide left ventriculography?! '* and accords 
with the concept of an obliterated rather than an obs- 
tructed ventricle. When the ejection fraction was 
compared in the same patient with and without a gra- 
dient it did not fall when the gradient was induced as 
would be expected with the imposition of an obstruc- 
tion but rose in all instances. 


Two different mechanisms were used in altering the 
gradient in the patients who had comparisons of left 
ventricular emptying in the current study. It could be 
argued that the patient with a postextrasystolic pres- 
sure gradient (Figs. 4 and 5) was able to overcome the 
"obstruction" by increasing the left ventricular pres- 
sure through the Frank-Starling effect and the 
increased inotropic state. Nevertheless, the left ven- 
tricular pressure and heart rate remained constant 
when a gradient was induced by the infusion of 
sodium nitroprusside in another patient (Fig. 3), and 
the rate and degree of emptying were enhanced in the 
presence of an 87 mm Hg gradient, which would 
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again belie the imposition of an impediment to ejec- 
tion. 

There are limitations to a contrast angiographic 
approach to the study of left ventricular emptying in 
the bizarre, heavily trabeculated ventricles charac- 
teristic of hypertrophic cardiomyopathy. Neverthe- 
less, the high ejection fraction, small end systolic cav- 
ity size, and more rapid than normal rate of ejection 
have been repeatedly confirmed by other investigators 
using radionuclide angiography,36738 echocardio- 
втарһу,35 and four different configurations of flow 
velocity probes: intraoperative cuff electromagnetic 
ргођеѕ,28 dual lumen catheters,?? catheter mounted 
electromagnetic probes,?! and non-invasive Doppler 
devices.4° Thus it is unlikely that the validity of the 
angiographic data can be discounted. 

This study shows rapid complete and apparently 
unimpeded emptying of the left ventricle despite the 
presence of a pressure gradient and systolic anterior 
motion of the mitral valve and suggests an alternative 
interpretation of the close correlation between the two 
phenomena!? which has conventionally been viewed 
as cause (systolic anterior motion) and effect (gra- 
dient). Rapid and complete emptying can apparently 
be the cause of systolic anterior motion and the gra- 
dient, and earlier systolic anterior motion-septal 
apposition could merely reflect earlier obliteration of 
the cavity and therefore more time for contractile 
energy to be expended on isometric contraction (Fig. 
6). Systolic anterior motion^! as well as non- 
obstructive pressure gradients! !7 have been found in 
patients without hypertrophic cardiomyopathy who 
have hypovolaemic hypercontractile ventricles. We 
therefore suggest that evidence of hindrance to empty- 
ing should be the criterion for the presence of obstruc- 
ton and not the presence of a pressure gradient or 
systolic anterior motion in patients with hypertrophic 
cardiomyopathy. 


We thank Howard Staniloff, for the statistical analy- 
ses, William J French, Thasana Nivatpumin, Benja- 
min Rosin, and Jay Schapira, for kindly permitting 
the use of case material. 
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Atrial septal aneurysm—a potential cause of systemic 
embolism 


An echocardiographic study 
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SUMMARY Atrial septal aneurysm is an uncommon condition. Between 1981 and 1984 10 cases of 
atrial septal aneurysm were diagnosed by real time cross sectional echocardiography performed in 
4840 patients. The aneurysm was associated either with mitral valve prolapse (three patients) or with 
atrial septal defect (three patients) or occurred in isolation (four patients, two of whom had had a 
previous embolic event leading to the diagnosis of atrial septal aneurysm by cross sectional echocar- 
diography). During cross sectional echocardiography the aneurysm appeared as a localised bulging 
of the interatrial septum, which was best seen in the subcostal four chamber view and in the 
parasternal short axis view at the level of the aortic root. The aneurysm either protruded into only 
the right atrium (five patients) or moved backwards and forwards between the right and the left atria 
during the cardiac cycle (five patients). This motion pattern might be related to changes in the 
interatrial pressure gradient. The two patients who had had a systemic embolism were given anti- 
coagulant treatment, but none underwent surgery. _ 

It is concluded that the true prevalence of atrial septal aneurysm might have been underestimated 
before the routine use of cross sectional echocardiography, that cross sectional echocardiography 
enables definitive diagnosis of this condition by a non-invasive technique, and that an atrial septal 
aneurysm should be suspected and looked for by cross sectional echocardiography after an unex- 
plained systemic embolism. 


Atrial septal aneurysm is a localised deformity of the 
interatrial septum which protrudes into the right or 
the left atrium or both.! It might result from bulging 
of septum primum tissue through the fossa ovalis.? 
This lesion, which is uncommon, is often unrecog- 
nised in asymptomatic subjects.? * Serious complica- 
tions such as embolic phenomena may, however, 
occur.5^? Cross sectional echocardiography is a non- 
invasive technique that allows these aneurysms to be 
diagnosed definitively. With the exception of 11 cases 
reported by Hauser et al,!° cross sectional echocar- 
diography has been undertaken in only single or a few 
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cases.? 8 1171? In our study, 10 cases of atrial septal 
aneurysm were diagnosed in three years using cross 
sectional echocardiography. The aneurysm was 
detected after a systemic embolism in two of the 10 
patients. The aims of this study were (a) to determine 
the clinical circumstances leading to the detection of 
atrial septal aneurysm by cross sectional echocardio- 
graphy, (b) to assess the prevalence of associated car- 
diac lesions, (c) to analyse in detail the echocardio- 
graphic patterns of atrial septal aneurysm, and (d) to 
emphasise the need for looking for such aneurysms 
after unexplained systemic embolism. 


Patients and methods 


Between March 1981 and January 1984, cross sec- 
tional echocardiography was performed in 4840 
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Table Clinical and echocardiographic features in patients with atrial septal aneurysm (ASA) 








Case No Sex age (yr) 
1 M/61 Systemic embolism 
2 M/43 Systemic embolism 
3 M/53 Systolic murmur 
Е M39 Systolic click 
5 F/55 Systolic click and murmur 
6 F/18 ASD 
7 F/49 ASD 
8 ЕЛ4 Suspected mitral stenosis 
9 ЕЛ1 Chronic dyspnoea 
10 F/70 Suspected pericarditis 


Reason for cross sectional echocardiography 


Associated lesions Direction of ASA bulging 





None RA to LA 
None RA 
MVP RA to LA 
MVP RA to LA 
MVP and TVP RA 
ASD RA 
ASD RA 
ASD RA 
None (EV) RA to LA 
None RA to LA 





ASD, atrial septal defect; MVP, mitral valve prolapse; TVP, tricuspid valve prolapse; EV, eustachian valve; RA, right atrium; LA, left atrium. 


patients. Of these, 10 (0-296) were found to have atrial 
septal aneurysm. Four patients were men and six 
women (age 18—74 (mean 53) years). Systemic embol- 
ism was the reason for cross sectional echocardiogra- 
phy in two of these 10 patients. In the remaining eight 
cross sectional echocardiography was undertaken 
because of (a) an abnormal systolic mumur or click or 
both (n=3), (b) a known atrial septal defect (n— 2), (c) 
suspected mitral stenosis (n= 1) or pericardial effusion 
(п= 1), or (d) chronic dyspnoea (n= 1) (Table). 

Cross sectional echocardiography was performed 
using a mechanical (ATL) or a phased array (Varian 
3400, Kontron 250) sector scanner with a 2:25 MHz 
transducer. Examination was carried out with the 
patient either semisupine or in the left lateral 
decubitus position using parasternal, apical, and sub- 
costal views. A simultaneous electrocardiographic 
lead was recorded. Cross sectional echocardiographic 
images were recorded on a Panasonic videotape for 
delayed analysis. M mode echocardiograms were 
recorded at 50 mm/s using a strip chart recorder. 
Contrast echocardiography was performed in one 
patient by rapidly injecting normal saline solution 
(10 ml) into an antecubital vein. 

The diagnostic criterion for atrial septal aneurysm 
was localised bulging of the interatrial septum, prot- 








ruding >6 mm into the right or left atrium or both. 
Bulging of the entire atrial septum or localised bulg- 
ing protruding —6 mm was not considered to be a true 
aneurysm. The aneurysmal deformity always 
affected the middle part of the interatrial septum— 
that is, the fossa ovalis area—and was seen in the 
subcostal or apical four chamber views and in the 
parasternal short axis view at the level of the aortic 
root. A significant left to right shunt at the atrial level 
was suspected if the right ventricle was appreciably 
enlarged (right ventricular end diastolic diameter to 
left ventricular end diastolic diameter ratio >0-5) with 
paradoxical motion of the interventricular septum. 
Mitral or tricuspid valve prolapse or both was diag- 
nosed in the parasternal long axis or apical four 
chamber view using previously described сгиегіа. 2° 


Results 


The 10 patients with atrial septal aneurysm were 
classified into four groups according to their clinical 
findings. 


SYSTEMIC EMBOLISM (GROUP 1) 
An atrial septal aneurysm was detected in two patients 
(cases 1 and 2) by cross sectional echocardiography 








* Fig. 1 (a) Cross sectional 
echocardiogram in the parasternal 


а EE 2 short axis view at the aortic root level 
eerte (case 1) showing the interatrial septum 
r T^ не - © (IAS) bulging into the left atrium 


AO — 


(arrow). (b) Simultaneous M mode 
recording showing an abnormal echo 
in the left atrium during systole 
(arrows). AO, aorta. 





Systole 


after a history suggesting arterial embolism. 

Case 1—4A 61 year old man, who had been previ- 
ously well, was referred to our institution because of a 
sudden and permanent right hemiplegia. Physical 
examination and an electrocardiogram were normal. 
А computed tomogram of the brain showed a low 
density area in the left frontoparietal region suggest- 
ing an ischaemic cerebral infarct. Embolism was sus- 
pected in view of the suddeness of the stroke and 
because of the absence of hypertension. Intravenous 
digital subtraction angiography of the cervical vessels 
was normal as was the 24 hour electrocardiographic 
recording. An atrial septal aneurysm was detected by 
cross sectional echocardiography. A parasternal short 
axis view showed systolic bulging of the interatrial 
septum into the left atrium. A simultaneous M mode 
recording showed an abnormal echo in the left atrium 
moving posteriorly during early systole and anteriorly 
during mid systole (Fig. 1). А subcostal four chamber 
view showed a thin outpouching in the middle part of 
the interatrial septum, bulging into either the left 
atrium or the right atrium throughout the cardiac 
cycle (Fig. 2). The motion of the aneurysm was more 
clearly seen on a simultaneous M mode recording. 
The aneurysm moved from the right atrium towards 
the left atrium during mid diastole, end diastole, and 
early systole. It then suddenly moved in reverse from 
the left atrium towards the right atrium during mid 
systole, end systole, and early diastole (Fig. 3). Con- 
trast echocardiography showed a filling defect in the 
right atrium corresponding to the protrusion of the 
aneurysm. There was no evidence of contrast shunt- 
ing. Right heart catheterisation showed normal right 
sided and pulmonary capillary wedge pressures with- 
out any intracardiac shunt. Cineangiography was per- 
formed with an injection of contrast into the right 
atrium. It confirmed the presence of a small atrial 
septal aneurysm distorting the middle part of the 
interatrial septum and protruding into the left atrium 
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Fig. 2 Cross sectional 
echocardiograms in the subcostal 
four chamber view (case 1) 
showing the atrial septal aneurysm 
bulging into (a) the left atrium 
(LA) during systole (arrow) and 
(b) the right atrium (RA) during 
diastole (arrow). LV, left 
ventricle; RV, right ventricle. 


Diastole 


during atrial early diastole. Anticoagulant treatment 
was started. The patient had no further emboli during 
six months’ follow up. 

Case 2—A 43 year old man was referred after an 
acute arterial occlusion of the right leg which later 
resolved. Physical examination and an electrocardio- 
gram were normal. Arteriography showed an abrupt 
occlusion of both superficial femoral arteries. The 
popliteal arteries were revascularised through the pro- 
funda femoris arteries. A bilateral femoral embolism 
was then suspected. There was no aortic aneurysm, 
and a 24 hour electrocardiogram showed no arrhyth- 
mia. Cross sectional echocardiography showed an 





Fig. 3 M mode echocardiogram in the subcostal view of the 
aneurysmal motion (case 1) showing the interatrial septum (IAS) 
moving from the right atrium (RA) towards the left atrium (LA) 
during mid diastole, end diastole, and early systole and in reverse 
from the LA towards the RA during mid systole, end systole, and 
early diastole. Vertical lines emphasize the sudden reversal of the 
aneurysm from one atria to the other. 
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Fig. 4 Cross sectional echocardiogram in the parasternal short 
axis view at the aortic root level (case 6) showing the atrial septal 
aneurysm bulging into the right atrium (arrow). T, tricuspid 
valve; AO, aorta. 


atrial septal aneurysm bulging into only the right 
atrium in the apical four chamber view. A right fem- 
oropopliteal bypass graft was performed because of 
Persistent rest pain. Anticoagulant treatment was 
started. No embolic event recurred during four 
months’ follow up. 


MITRAL VALVE PROLAPSE (GROUP 2) 

Atrial septal aneurysm was detected in association 
with mitral valve prolapse in two patients (cases 3 and 
4) and with tricuspid valve prolapse in one (case 5). In 
all three cases cross sectional echocardiography was 
undertaken because of an abnormal systolic murmur 
or click or both. The atrial septal aneurysm either 
bulged only into the right atrium (case 5) or undulated 
alternately between the right atrium and left atrium 
throughout the cardiac cycle, with the same motion 
pattern as in case 1 (cases 3 and 4). 


ATRIAL SEPTAL DEFECT (GROUP 3) 

Atrial septal aneurysm and atrial septal defect were 
detected in three patients (cases 6, 7, and 8). The 
aneurysm was associated with a previously known 
atrial septal defect in two of them (cases 6 and 7). One 
patient was referred because of suspected mitral 
stenosis. Cross sectional echocardiography did not 
confirm the diagnosis but detected atrial septal aneur- 
ysm with an associated atrial septal defect. The mean 
ratio of right to left end diastolic ventricular diameters 
was 0-86. Interventricular septal motion was always 
paradoxical. In all three cases the aneurysm bulged 
only into the right atrium (Fig. 4). 


NO SYMPTOMS (GROUP 4) 

An atrial septal aneurysm was an unexpected finding 
in two patients (cases 9 and 10). One patient was 
referred because of chronic dyspnoea (secondary to 
carcinomatous lymphangitis) and the second because 
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of suspected pericardial effusion (which was not 
confirmed by cross sectional echocardiography). No 
other cardiac disease was found in these patients. A 
eustachian valve was, however, present in one patient 
(case 9). The aneurysm undulated between both atria 
throughout the cardiac cycle in both patients. 


Discussion 


An atrial septal aneurysm usually involves the region 
of the fossa ovalis.'? It is a localised bulging of the 
interatrial septum which protrudes into the right 
atrium or left atrium or both. Its pathogenesis might 
be explained by an abnormal structure of the interat- 
rial septum or by a change in the normal interatrial 
pressure gradient or both.* An atrial septal aneurysm 
is usually considered to be extremely rare. Neverthe- 
less it was detected in 0-296 of 4840 patients in this 
study and was found at necropsy in 196 of adults by 
Silver and Dorsey.? The true prevalence of atrial sep- 
tal aneurysm might therefore have been underesti- 
mated in the past for two reasons. Firstly, diagnosis 
may be overlooked because an atrial septal aneurysm 
often produces no symptoms. Secondly, no non- 
invasive diagnostic techniques were available before 
the advent of cross sectional echocardiography. Sixty 
three cases of atrial septal aneurysm have been found, 
of which 36 were reported between 1934 and 1979. A 
diagnosis was made before death in only seven cases 
using  angiocardiography,* 5?2'2?? whereas the 
aneurysm was found at necropsy in the remaining 
cases.? 23—29 [n contrast, 27 cases were reported be- 
tween 1978 and 1984 and all were diagnosed before 
death either by cross sectional  echocardio- 
graphy’ ? 5 10 1» or more recently by intravenous digi- 
tal subtraction angiography.? The frequency of diag- 
nosing atrial septal aneurysm during life seems likely 
to increase in the next few years with the development 
of cross sectional echocardiography. This non- 
invasive technique might become the standard diag- 
nostic procedure, though its sensitivity and specificity 
have yet to be established. The other diagnostic tech- 
niques which have been proposed are M mode 
echocardiography and angiocardiography. M mode 
echocardiography can detect abnormal echoes within 
the right or left atrium, but these findings are neither 
constant nor specific.!'5 Angiocardiography is an 
invasive technique, which does not allow direct visual- 
isation of the interatrial septum. Furthermore, an 
atrial septal aneurysm may be mistaken for an intra- 
atrial tumour or thrombus with angiocardiogra- 
phy.*??? Intravenous digital subtraction angiocar- 
diography, which is not completely invasive, could, 
however, improve the detection rate." 

Atrial septal aneurysm сап be diagnosed 
definitively by cross sectional echocardiography.' The 
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localised thin and mobile outpouching of the interat- 
rial septum is best visualised in the subcostal four 
chamber view and in the parasternal short axis view at 
the level of the aortic root. А minimum radius of 
6 mm for the aneurysm was a diagnostic criterion in 
this study since a small pocket of 3-6 mm long, 
extending anteriorly and to the left of the limbus fossae 
ovalis, has been described anatomically in normal sub- 
jects.?? The mean value for the radius of the atrial 
septal aneurysm was 10 mm (range 7-15 mm) in this 
study. In all cases, the atrial septal aneurysm affected 
the middle part of the interatrial septum—that is, the 
fossa ovalis area. In some cases the aneurysm seemed 
to be wider but it never affected the entire atrial sep- 
tum. Generalised bulging of the interatrial septum 
was not considered to be a true aneurysm since such 
bulging might be seen despite the absence of-a true 
aneurysm.! Furthermore, an aneurysm affecting the 
entire atrial septum has‘ never been: documented 
pathologically.! Since no patient in this study under- 
went surgical or postmortem examination, we cannot 
confirm that the atrial septal aneurysm was strictly 
confined to the fossa ovalis area or that it was wider. 
Whether or not the aneurysm bulges into the right 
atrium or the left atrium or both depends on the 
interatrial pressure gradient.*!! If the pressure gra- 
dient is normal, the aneurysm usually protrudes into 
the left atrium during early systole and into the right 
atrium during early diastole as shown in Fig. 3.1115 
This motion vaguely resembles that of the normal 
interatrial septum, as described by Tei et al?! Five of 
the 10 patients in the present study had such a motion 
pattern (three patients with isolated atrial septal 
aneurysm and two with associated mitral valve pro- 
lapse). The aneurysm may bulge into the left atrium 
in early systole solely during inspiration.!! If the 
interatrial pressure gradient is reversed because of 
raised pressure in the right atrium, as seen in tricus- 
pid atresia or hypoplastic right heart syndrome, the 
aneurysm protrudes into the left atrium.!2 132! Con- 
versely, if the interatrial pressure gradient is increased 
because of raised pressure in the left atrium, as seen in 
mitral stenosis, the aneurysm bulges into only the 
right atrium.!42228 The aneurysm protruded into 
only the right atrium in five patients in this study, 
including the three with an associated atrial septal 
defect, which is in agreement with other reports.! 3 57 
In the two other cases (one isolated aneurysm and 
one aneurysm associated with mitral valve prolapse) 
the lack of bulging into the left atrium might be 
explained either by an unknown increase in the left 
atrial pressure or by an end expiratory cross sectional 
echocardiogram.!! Nevertheless, we can only specu- 
late on the relation between the motion pattern of the 
aneurysm and the interatrial pressure gradient since 
no patient in this study underwent left heart catheter- 
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isation. In addition, cross sectional echocardiography 
allows detection of a shunt at the atrial level using 
contrast.?? 

Ап interesting finding in this study was the detec- 
tion of atrial septal aneurysm after an unexplained 
systemic embolic episode in two of the 10 cases. Only 
Six cases of atrial septal aneurysm associated with 
embolism have been reported to date. Four cases of 
cerebral embolism with ап angiographically 
documented atrial septal aneurysm have been 
reported.5?5 Other territories have been reported as 
the site of an embolism resulting from atrial septal 
aneurysm including the coronary® or pulmonary? 
arteries. We can only speculate on the relation bet- 
ween atrial septal aneurysm and peripheral embolism 
in this study. Such a relation should be considered 
likely only if a previously visualised thrombus within 
the atrial septal aneurysm after a peripheral embolism 
has disappeared. Hitherto, cross sectional echocar- 
diography has not visualised such a thrombus in any 
case of atrial septal aneurysm. The embolic potential 
of atrial septal aneurysm is, however, supported by 
previous findings: the presence of a thrombus at the 
base of the aneurysm at necropsy? or histological evi- 
dence of a partly organised thrombus in a resected 
atrial septal aneurysm.’ Another cause of systemic 
embolism might be paroxysmal arrhythmias, since 
the triggering role of atrial septal aneurysm in such 
arrhythmias has recently been suggested.!? This 
embolic risk could make what would otherwise have 
been a simple anatomical anomaly a potentially severe 
disease. This has led some authors to propose surgical 
repair of atrial septal aneurysm associated with 
peripheral embolism in order to prevent the risk of 
embolic recurrence and to avoid the need for anti- 
coagulant treatment.5? Other complications of atrial 
Septal aneurysm have been reported in association 
only with large aneurysms. They include pulmonary 
venous obstruction by an atrial septal aneurysm or 
prolapse of an atrial septal aneurysm through an 
atrioventricular orifice.? 12 29 

In group 2 the atrial septal aneurysm was associated 
with a mitral valve prolapse. Such an association was 
found in 30% (3/10) of our patients, whereas it has 
previously been reported in only two other cases.3 16 
An abnormal systolic mumur or click or both was 
heard in all the patients in group 2. Alexander et al 
have suggested that a systolic click might be produced 
by an atrial septal aneurysm. The sudden reversal of 
the motion of the aneurysmal bulging from the left 
atrium into the right atrium during mid systole could 
explain the click.!5 This hypothesis has, however, 
been questioned by others, who consider that an 
associated mitral valve prolapse might cause the 
click.33 The association of atrial septal aneurysm and 
mitral valve prolapse suggests that a myxomatous 
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degeneration might be responsible for both abnor- 
malities.!6 A slightly redundant interatrial septum 
might, with age and even without change in the 
intra-atrial pressures, become aneurysmal.? 

In group 3, the atrial septal aneurysm was associ- 
ated with an atrial septal defect. It is known that an 
atrial septal aneurysm can contain multiple perfora- 
tions or fenestrations, resulting in a significant left to 
right shunting of blood.!?5 Conversely, the spon- 
taneous closure of an atrial septal defect might result 
in the formation of an atrial septal aneurysm.!4 

In group 4, the asymptomatic atrial septal aneu- 
rysm occurred in isolation and was unexpectedly 
detected by cross sectional echocardiography. A eus- 
tachian valve was noted in one patient (case 9). А 
partial obstruction of the inferior vena cava by such a 
eustachian valve might result in the blood flow hitting 
the fossa ovalis area, which might favour the forma- 
tion of an atrial septal aneurysm.* Isolated atrial septal 
aneurysms have been previously reported.!5 It must 

- be pointed out that the group 1 patients, who had had 
an embolic episode, also had isolated atrial septal 
aneurysm. The management of such asymptomatic 
and fortuitously detected atrial septal aneurysms is 
therefore debatable. We believe that further studies 
are necessary to answer this question. 
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Echocardiographic features of impaired left ventricular 
diastolic function in Chagas's heart disease 
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SUMMARY То study left ventricular diastolic function in Chagas's disease, simultaneous echocardio- 
grams, phonocardiograms, and apexcardiograms were recorded in 20 asymptomatic patients with 
positive Chagas’s serology and no signs of heart disease (group 1), 12 with Chagas’s heart disease and 
symptoms of ventricular arrhythmia but no heart failure (group 2), 20 normal subjects (group 3), 
and 12 patients with left ventricular hypertrophy (group 4). The recordings were digitised to 
determine left ventricular isovolumic relaxation time and the rate and duration of left ventricular 
cavity dimension increase and wall thinning. In groups 1 and 2 (a) aortic valve closure (A,) and 
mitral valve opening were significantly delayed relative to minimum dimension and were associated 
with prolonged isovolumic relaxation, (6) left ventricular cavity size was abnormally increased during 
isovolumic relaxation and abnormally reduced during isovolumic contraction, and (c) peak rate of 
posterior wall thinning and dimension increase were significantly reduced and duration of posterior 
wall thinning was significantly prolonged; both of these abnormalities occurred at the onset of 
diastolic filling. These abnormalities were more pronounced in group 2 and were accompanied by an 
increase in the height of the apexcardiogram “а” wave, an indication of pronounced atrial systole 
secondary to end diastolic filling impairment due to reduced left ventricular distensibility. Group 4, 
which had an established pattern of diastolic abnormalities, showed changes similar to those in 
group 2; however, the delay in aortic valve closure (A) and in mitral valve opening and the degree of 
dimension change were greater in the latter group. 

Thus early isovolumic relaxation and left ventricular abnormalities were pronounced in the 
patients with Chagas's heart disease and may precede systolic compromise, which may become 
apparent in later stages of the disease. The digitised method is valuable in the early detection of 
myocardial damage. 


There is increasing evidence!^? that left ventricular 
relaxation and filling abnormalities may be an impor- 
tant component of impaired cardiac function, particu- 
larly in patients with ischaemic heart disease and ven- 
tricular hypertrophy, above all when associated with 
inco-ordinate left ventricular contraction.* 5 

In early Chagas's heart disease, angiographic, 
echocardiographic, and radionuclide studies®-® have 
detected left ventricular abnormalities consisting of 
kinetic disorders, especially in the apical or apicopos- 
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terior areas, similar to those found in ischaemic heart 
disease. More recently, left ventricular cineangio- 
graphy of patients with Chagas's heart disease has 
shown progressive segmental wall abnormalities and 
decreased left ventricular distensibility associated 
with the deterioration in clinical status.? In our 
laboratory, using non-invasive methods (phonocar- 
diography) we found prolongation of the rapid relaxa- 
tion period in patients in the early stages of Chagas's 
heart disease.!? 

The purpose of this study was to detect abnor- 
malities of left ventricular diastolic function at rest in 
patients with early Chagas's heart disease and normal 
systolic time intervals by studying relaxation, left ven- 
tricular filling, and posterior wall dynamics using 
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M mode echocardiogram and superimposed apexcardiogram from an asymptomatic patient with Chagas's heart disease (group 1). Computer plots 
as in Fig. 1. There is delayed A , and mitral valve opening, and slow and prolonged filling and wall thinning. An abnormal increase in dimension during 


isovolumic relaxation is seen 


Fig. 2 
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computerised interpretation of a digitised echocar- 
diogram. 


Patients and methods 


The study included 50 patients without congestive 
heart failure or ischaemic heart disease but with 
serological evidence of past or present Trypanosoma 
cruzi infection, all of whom had a typical history of 
exposure to infection, came from rural areas where 
the disease is heavily endemic, and had positive serum 
complement fixation and indirect haemagglutination 
tests performed and interpreted according to the 
Maekelt method.!! Eighteen subjects were excluded 
because of technical difficulties in recording the apex- 
cardiogram or echocardiogram or because they had 
left bundle branch block. Only 32 were suitable for 
computerised echocardiographic analysis, and they 
were divided into two study groups (groups 1 and 2). 
In addition two control groups (groups 3 and 4) were 
also studied. 

Group 1 consisted of 20 (six men, 14 women) 
asymptomatic subjects with Chagas's disease, most of 
whom were blood donors detected by the blood bank 
and referred to us. Their mean (SD) age was 
38-8 (9-9) years. All had normal electrocardiograms 
with only occasional unifocal ventricular extrasys- 
toles, normal chest x ray films, and normal M mode 
and cross sectional echocardiograms. 

Group 2 consisted of 12 patients (three men, nine 
women) with Chagas's disease whose symptoms were 
directly related to-arrhythmias but not to heart failure 
(New York Association functional class I or IT). Their 
mean age was 45-8 (11.9) years. All had abnormal 
electrocardiograms consisting of ventricular extrasys- 
toles, most of which were multifocal or in couplets: 
one had atrial fibrillation and 10 had conduction 
abnormalities (right bundle branch block (4), left 
anterior fascicular block (3), isolated left anterior fas- 
cicular block (3), abnormal Q waves (3), and non- 
specific ventricular repolarisation disorders (10)). АП 
cross sectional echocardiograms showed apical and 
apicoposterior dyskinesis. These changes were 
confirmed in seven by left ventricular cineangio- 
grams; all had normal coronary arteriograms. 

Group 3—The normal control group consisted of 20 
subjects (eight men, 12 women; mean age 30-1 (9-3) 
years) with no clinical, radiological, or electrocardio- 
graphic evidence of heart disease and negative 
serological tests; all came from urban areas where 
there were no possibilities of contracting Chagas's 
infection. 

Group 4—The hypertrophic group consisted of 12 
patients (six men, six women; mean age 45-1 (14-9) 
years) of whom six had classic idiopathic hypertrophic 
cardiomyopathy and six left ventricular hypertrophy 
secondary to systemic hypertension. 
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ECHOCARDIOGRAPHY 

Echocardiograms with simultaneous apexcardio- 
grams, electrocardiograms (standard lead ID, and 
phonocardiograms (Fig. 1) were performed with the 
subject in the left lateral position, using a 1-25 cm 
diameter, 2-25 MHz transducer with a 1000 cycles/ 
second repetition frequency and an Irex echocardio- 
graph. The output was displayed on a strip chart 
recorder operating at a paper speed of 100 mm/s. А 
left ventricular echocardiogram of the mitral valve 
tips clearly showing the onset of opening and provid- 
ing a clear and constant record of echoes from both 
the septum and posterior wall endocardium and 
epicardium was used for further analysis. 

The apexcardiograms were recorded using a 3 cm 
wide microphone air coupled by 25 cm rigid plastic 
tubing to a transducer, with a time constant of 4 s and 
a low frequency limit of 0-04 Hz. 

The phonocardiograms were recorded with an Irex 
microphone placed where the high frequency compo- 
nent of the second aortic sound (A,) could best be 
recorded. 

All recordings were obtained at the end of normal 
expiration and at least five clear cardiac cycles were 
recorded. Immediately afterwards, the left ventricular 
systolic time intervals were measured in the supine 
position, according to Weissler et al’s technique.!? 


Digitising techniques 

The echocardiograms and apexcardiograms were 
digitised as previously described by Gibson and 
Brown.! The data processing equipment consisted of 
an IREX CARDIO 80 microcomputer, a Z80 micro- 
processor, a graphics/alphanumeric CRT, a digitiser 
(Summagraphics) 20 x 20 inches with 0-01 inch 
resolution, and a printer-plotter. А semiautomatic 
computing system was used. 

From the digitised data, plots were made of the left 
ventricular dimension (D), rate of change of dimen- 
sion (dD/dt), normalised rate of change of dimension 
(dD/dt 1/D), normalised rate of change of posterior 
wall thickness (dPW/dt 1/PW), and of the echo 
dimension apexcardiogram loops.^ Figs. 1-3 show 
examples from subjects in the normal (group 3), 
asymptomatic (group 1), and arrhythmic (group 2) 
groups respectively. 

Diastolic intervals—Time intervals (ms) were meas- 
ured (а) from the second aortic sound (A,) to the 
onset of mitral valve opening (isovolumic relaxation 
time), (b) from minimum left ventricular dimension 
to A,,(c) from minimum left ventricular dimension to 
mitral valve opening, and (d) between A, and the О 
point оп the apexcardiogram (A,-O). Mean values 
were obtained for five successive complexes. 

Left ventricular dimension changes—Change in left 
ventricular dimension, expressed as a percentage of 
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Tablel Diastolic time intervals and left ventricular function indices in asymptomatic patients with Chagas's disease (group 1), arrhythmic patients 
with Chagas’s disease (group 2), normal control subjects (group 3), and control subjects with hypertrophy (group 4). Values are mean (18D) 


Group No of Diastolic intervals 
= patients 
IVRT (ms) 


Left ventricular dimension and function 











A, to Minimum A,00O LVEDD (mm) LVESD (mm) FS% PEPc LVETc PEP:LVET 
minimum dimension to point (ms) ratio 
dimension (ms) MVO (ms) 
1 20  72(4* —23 (39 48 (39)** 13020 50 (4) 34 (4)* 33 (5) 126 (15) 419(19) 0:32 (0-06) 
2 12 81 (33) 20 (40)***{{ 102 (50)***tt 150 (21)**t 54 (7)* 39 (9)* 29 (9)* 125 (21) 400 (33) 0534 (0-1) 
3 20 63 (11) —47 (15) 15 (16) 122 (16) 48 (4) 31 (4) 36 (5) 120 (11) 416 (13) 0-30 (0-04) 
4 12 81 (25)* -l9*««  80(33)** 151 (26t 43(G*Hhrkkt 26 (OHH 40 (SHH 146 (77) 397 (88) 0:34 (0-11) 


єч e a a 
Statistical difference from group 3: ***p<0-001; **p<0-01; *p<0-05; from group 1: 1{1р<0-001; +tp<0-01; tp<0-05; and from group 2: HHp«0-001; 


H 
MVO, mitral valve opening; LVEDD, left ventricle end diastolic dimension; LVESD, left ventricle end systolic dimension; FS%, fractional shortening; PEPc, 


0-01. 


pre-ejection period corrected; LVETc, left ventricular ejection time corrected; PEP:LVET, ratio of pre-ejection period to left ventricle ejection time. 


Table 2 Left ventricular (LV) percentage dimensional changes, 
asymptomatic patients with Chagas’s disease (group 1), arrhythmic patients wt 


total dimension change during the cardiac cycle, was 
measured for each of the following intervals: (a) 
isovolumic contraction (between C and E points), (5) 
the apexcardiogram downstroke (between minimum 
dimension and the O point, pre-O), (c) the isovolumic 
relaxation time, (d) and atrial systole (between the 
beginning of the electrocardiogram P wave and the 
beginning of the Q wave at the end of the cycle). 

The “a”:H ratio of the apexcardiogram, which rep- 
resents the relative magnitudes of the “а” wave in 
relation to the total outward movement and the “a”: D 
ratio taken as the ratio between the “а” wave height 
and total diastolic deflection (D).!? 

Left ventricular cavity dynamics—(a) Left ventricu- 
lar end diastolic dimension (LVEDD) was measured 
at the beginning of the Q wave; (b) left ventricular end 
systolic dimension (LVESD) was taken as the 
minimum systolic dimension; (c) fractional shortening 
(%Е$) was calculated by substracting the end systolic 
dimension (LVESD) from the end diastolic dimen- 
sion (LVEDD), and expressing it as a percentage of 
the LVEDD (LVEDD-LVESD/LVEDDx 100%); 
(d) peak rate of increase in left ventricular dimension 
was calculated as the highest positive value of the 
dimension change curve in diastole; and (e) rapid 
filling period was arbitrarily defined as the interval 


control subjects with hypertrophy (group 4). Values are mean ( 15р) 


between the minimum dimension and reduction to 
2096 of the peak rate of dimensional increase.! 

Left ventricular posterior wall dynamics—(a) normal- 
ised peak rate of posterior wall thinning was taken as 
the lowest negative value of the mean curve of change 
in posterior wall thickness during diastole; and (b) 
duration of early thinning of the posterior wall was 
taken as the interval between maximum posterior wall 
thickness and the peak rate of posterior wall thinning. 


VALIDITY AND REPRODUCIBILITY OF METHODS 
Validation of echocardiographic measurements of the 
left ventricular minor axis and its rate of change has 
been established by comparison with angiographic 
data from previous studies. !4 15 

Reproducibility was assessed as the root mean 
square difference between pairs of determination of 
left ventricular dimension at end systole and end dias- 
tole and of peak rate of increase in left ventricular 
dimension during filling. These calculations were per- 
formed for 20 pairs of measurements made by two 
observers on the same recording and also in 10 
patients between pairs of recordings made at different 
times in the same patient. For duplicate determina- 
tions on the same recording the raean square differ- 
ence was 1-7 mm for end systole and 1-8 mm for end 


left ventricular (LV) cavity dynamics, and “а” wave (apexcardiogram) in 








Group LV dimension change LV cavity dynamics “a” wave 

CE (%) PRE-O (%) IVR (%) Atrial systole Peak rate of Rapid filling *tq":H (%) “a? :D (%) 

(%) dimension period (ms) 
increase (cm/s) 
1 8-8 (8-4) 37-2 (10-6) 6-9 (6.0)*** 21:2 (9-3)* 12-0 (3- D*** 177-1 (72:2)** 9-1 (5-4) 29:5 (13-0) 
2 15-6 (12-4)* 48-8 (9-7)***tt 19-5 (18-0)** 17-6 (9-4) 10-1 (3-4*** — 2251(69** 19-1 (11-3) 51-5 (15-8)**ttt 
3 6-9 (8-9) 34-3 (10:1) - 1:5 (2-1) 15-8 (6-2) 16-0 (3-0) 125-7 (29-2) 7-5 (3-5) 23-6 (9-3) 
4 23.0 (227 41:5 (168) 14-4 (9-D***p 23:8 (13:2) 10-9 (3-7*** 176.9 (63-1) 19-9 (94) 44-7 (13-5)*** 
<0:05. 


Statistical difference from group 3: ***p<0-001; **p<0-01; *p<0-05; and from group 1: 11р<0001; {{р<0-01; 
“a”:H, ratio of “а” wave to total apexcardiogram height; “а”:р, ratio of ““а” wave to to 


„dimension between C and E points of apexcar 


th Chagas’s disease (group 2), normal control subjects (group 3), and 


diastolic deflection of apexcardiogram; CE%, change in LV 
diogram (expressed as percentage of total dimension change); IVR, isovolumic relaxation time. 
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Table3 Posterior wall (PW) dynamics in asymptomatic 
patients with Chagas's disease (group 1), arrhythmic patients 
with Chagas's disease (group 2), normal control subjects (group 
3), and control subjects with hypertrophy (group 4). Values are 
mean (1SD) 








Group PW thickness Peak rate of (N) Duration of PW 
diastole (mm) PW thinning (s^!) thinning (ms) 

1 75 (1-6) 5-1 (1-9)** 84-3 (464) 

2 74 (1-5) 3.5 (1.9) 114-1 (40-4)*** 

3 6-9 (1-4) 6-7 (1-8) 59-1 (17-1) 

4 12:3 (3-5)***T 3:6 (1-7)***+ 86:2 (54-5) 


Statistical difference from group 3: ***p<0-001; **p<0-01; 

*р<0:05; from group 1: tttp<0-001; Tp«0-05; and from group 2: 
p«0-001. 

N, normalised (dPW/dt 1/PW). 


diastole difference and 1-6 cm/s for peak rate of 
increase of left ventricular dimension. 


STATISTICAL METHOD 

Normal values were considered to be those found 
between two standard deviations of the mean values in 
the normal group. The statistical analysis of the dif- 
ferences between means was determined by Student’s 
t test. 


Results 


Tables 1-3 and Figs. 4-8 show the results (mean 
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(SD)) in the asymptomatic study group (group 1), the 
study group with arrhythmias (group 2), the normal 
control group (group 3), and the hypertrophic control 
group (group 4). Group 3 had diastolic intervals and 
changes in left ventricular dimension, left ventricular 
cavity size, and posterior wall dynamics similar to 
those reported by others. 16 


GROUP 1 

Although the left ventricular end diastolic dimension, 
the end diastolic thickness of the posterior wall, the 
percentage fractional shortening, and the systolic time 
intervals were normal with respect to the control 
group, the following significant abnormalities were 
found (Tables 1-3): 

Diastolic intervals—Isovolumic relaxation time was 
prolonged (p<0-05) and mitral valve opening and aor- 
tic valve closure were delayed in relation to minimum 
dimension (p<0-01 and p«0-05 respectively) (Figs. 4 
and 5). 

Changes in left ventricular dimension—There was a 
significant abnormal increase in left ventricular 
dimension during isovolumic relaxation time 
(p« 0-001). Increased change in dimension was found 
during atrial systole (p<0-05) (Fig. 6). As regards the 
"a":H and “a’:D ratios in the apexcardiogram, 
although there was no significant change, values 2 
standard deviations above the mean for the normal 
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Fig.4 (a) Duration of rapid filling period and (b) diastolic intervals in the four groups studied. The significantly prolonged rapid 
filling time of the asymptomatic and arrhythmic patients with Chagas’s disease (groups 1 and 2) and the control group with hypertrophy 
(group 4) compared with the normal control group (group 3) may be readily seen as well as the progressively delayed A, mitral valve 
opening (MVO) and prolonged isovolumic relaxation and A4 intervals. 
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Fig.5 (a) Duration of isovolumic relaxation, (b) duration of A,O point interval, (c) timing of mitral valve opening, (d) timing of 
aortic valve closure with respect to minimal dimension in normal control subjects (group 3), asymptomatic and arrhythmic Chagas’s 
heart disease patients (groups 1 and 2), and hypertrophic control subjects (group 4). 


group were found in seven out of 20 patients. 

Left ventricular cavity dynamics—Left ventricular 
end systolic dimension was significantly increased 
(p<0-05), the peak rate of increase in dimension was 
reduced (p«0-001), and the duration of the rapid 
filling period was significantly prolonged (p<0-01) 
(Figs. 7 and 8). 

Left ventricular posterior wall dynamics—The nor- 


malised peak rate of posterior wall thinning was 
reduced (p<0-01) and early thinning of the posterior 
wall was prolonged (p<0-05) (Figs. 7 and 8). 


GROUP 2 
This group had a slight increase in both the left ven- 
tricular end diastolic dimension and left ventricular 
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Fig. 6 Change in LV dimension (expressed as percentage of total dimension change) between C point ( apexcardiogram) and E point 
(CE) and between minimum dimension and mitral valve opening (min DMVO) and between minimum dimension and O point 
(pre-O) (min DO) in normal control subjects (group 3), asymptomatic and arrhythmic Chagas's heart disease patients (groups 1 and 


2), and hypertrophic control subjects (group 4). 


end systolic dimension (53-8 (6-6) mm and 38-6 
(8-9) mm) and a slight decrease in fractional shorten- 
ing (29 (9926); nevertheless, systolic time intervals and 
posterior wall thickness remained normal. 

The abnormal values for all indices of diastolic 
function seen in group 1 were of a greater magnitude 
in group 2 who also had (a) increased duration of the 
A,-O interval (p<0-01 and p<0-05 vs groups 3 and 
1), (b) abnormal reduction in left ventricular dimen- 
sion during the apexcardiogram upstroke (p<0-05 os 
group 3) as well as an abnormal increase during the 
apexcardiogram downstroke during isovolumic relax- 
ation time (p<0-01 and p<0-05 vs groups 1 and 3) and 
before the О point (pre-O) (p«0-001 and p<0-01 vs 
Broup 1 and 3), and (c) an increase in the “а”:Н ratio 
(p<0-01 and p<0-05 vs groups 1 and 3) and “а”: 


ratio in the apexcardiogram (p<0-001 vs groups 1 and 
3) (Tables 1-3, Figs. 4—8). 


GROUP 4 

Left ventricular end diastolic and left ventricular end 
systolic dimensions were reduced (p<0-01 vs group 3 
and p<0-001 vs groups 1 and 2). The fractional shor- 
tening and the systolic intervals were normal. End 
diastolic thickness of the left ventricular posterior wall 
was increased (p<0-001 vs groups 1, 2, and 3). Dias- 
tolic function abnormalities similar to those in group 2 
were found; there was, however, less delay in aortic 
valve closure and mitral valve opening. The increase 
in dimension during the apexcardiogram downstroke 
was not significant and the rapid filling period was less 
prolonged (Tables 1—3, and Figs. 4-8). 


ч. 
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Fig.7 (a) Peak rate of increase in left ventricular (LV) dimension in diastole and (b) normalised peak rate of wall thinning in 
normal control subjects (group 3), asymptomatic and arrhythmic Chagas’s heart disease patients (groups 1 and 2), and hypertrophic 
control subjects (group 4). 
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Fig. 8 (a) Duration of rapid filling and (b) duration of early wall thinning in normal control subjects (group 3), asymptomatic and 
arrhythmic Chagas’s heart disease patients (groups I and 2), and hypertrophic control subjects (group 4). 
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Discussion 


Computerised echocardiographic interpretation is an 
excellent tool for studying left ventricular diastolic 
function because it provides not only a continuous 
record of changes in dimension, wall thickness, and 
instantaneous dynamics but also allows us to pinpoint 
the moment mitral valve opening begins and thus to 
study left ventricular relaxation and filling. It has 
been useful as a non-invasive method of studying 
early changes in ventricular function in subjects with 
ischaemic and valvar heart disease and hypertrophic 
cardiomyopathy and could be used in the study of 
other heart diseases.^ We found it especially useful in 
patients with early Chagas's heart disease for studying 
inco-ordinate contraction, which has previously been 
reported by our group and others. 9 17 

Interestingly, important diastolic function abnor- 
malities were found even in the asymptomatic patients 
with Chagas's disease (group 1) in whom clinical 
examination, electrocardiograms, chest x ray films, 
and M mode and cross sectional echocardiograms had 
failed to show any signs of heart disease. The abnor- 
malities were less severe in this group than in those 
with arrhythmias (group 2). 

Firstly, the abnormal diastolic intervals included 
delayed closure of the aortic valve, delayed mitral 
valve opening, and prolonged isovolumic relaxation. 
The delay in aortic valve closure is explained by 
inco-ordination due to segmental contractility disor- 
ders as there are areas of myocardium with delayed or 
abnormal movements which provoke persistent ten- 
sion, thus prolonging and delaying the end of ejec- 
tion.? Delayed mitral valve opening would thus be 
explained not only by the delayed aortic valve closure 
but by the prolonged isovolumic relaxation time itself. 

Secondly, the abnormal changes in left ventricular 
dimension during the apexcardiogram upstroke 
(isovolumic contraction), the downstroke (early relax- 
ation), or both consisted of a significant reduction in 
dimension during the former and an abnormal 
increase during the latter; when both abnormalities 
were present, reduction during isovolumic contrac- 
tion was always accompanied by increase during 
relaxation. These abnormal dimensional changes were 
the result of disturbances of function. A decrease in 
dimension during isovolumic contraction could reflect 
assynchronous onset of contraction, with areas of 
myocardium developing early tension and contrac- 
tion, whereas an increase in dimension during relaxa- 
tion would reflect increased outward movement of the 
posterior wall before mitral valve opening occurs, 
accompanied by a change in isovolumic shape. À simi- 
lar explanation has been suggested for ischaemic 
patients with inco-ordinate contraction*; however, 
invasive studies would be needed for confirmation. 
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Thirdly, the abnormal left ventricular cavity and 
posterior wall dynamics included prolonged duration 
of rapid filling and reduced dimensional increase peak 
rate accompanied by prolonged and reduced posterior 
wall thinning. This tendency towards early involve- 
ment of the posterior wall or apical region in Chagas's 
heart disease or both had already been confirmed by 
cineventriculograms, M mode and cross sectional 
echocardiograms, and radionuclide studies$"? and 
represents the pathological substratum of posterior 
wall thinning or aneurysms. '8 

In the patients with arrhythmias who already 
showed signs of heart disease, but without congestive 
heart failure, the abnormalities of diastolic function 
were more severe and widespread. Significant differ- 
ences in relation to the abnormal changes in the 
asymptomatic group were observed and were also 
accompanied by other changes, both in early and end 
diastole. The former consisted of a significant length- 
ening of the A,-O interval accompanied by an 
abnormal increase in the left ventricular dimension 
before the O point (increased pre-O dimension) and 
the latter consisting of an increase in the apexcardio- 
gram “а” waye. The first changes would be secondary 
to a greater abnormality in the velocity and duration 
of rapid filling!? and the second would be a sign of a 
significant atrial systole, during which the left ven- 
tricular dimensional change was relatively small and 
reflected greater resistance to filling during end dias- 
tole. Both changes indicate myocardial restriction due 
to reduced distensibility in Chagas’s disease. A good 
correlation has been reported between increases in the 
“а” wave, both the “а”:Н and the “a”:D ratios, with 
diastolic compliance or distensibility, determined by 
invasive methods in subjects with dilated car- 
diomyopathy.!? These abnormal findings in the group 
with arrhythmias were similar to those in the control 
group with left ventricular hypertrophy having a 
known pattern of diastolic abnormalities.2°~ 23 

Similar changes have also recently been described 
in subjects with aortic valve stenosis and severe diab- 
еїеѕ.22 24 Although these findings are not specific to 
Chagas's disease, there are certain differentiating 
characteristics. The degree of assynchronism (delayed 
aortic valve closure and delayed mitral valve opening) 
is greater in patients with Chagas's disease, and the 
degree of the dimensional changes during the 
isovolumic periods (both contraction and relaxation) 
is greater than in subjects with hypertrophy. 
Moreover, although there is some similarity in 
patients with ischaemic heart disease as far as the 
degree of assynchronism and dimensional changes are 
concerned ,?5 in Chagas's disease the isovolumic relax- 
ation period is prolonged and the filling abnormalities 
are more severe. It is important to point out that a 
diagnosis of coronary disease can be excluded as a 
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cause in this series because of the absence of symp- 
toms, mean age <43 years, normal coronary angio- 
grams in seven out of 12 (5896) patients in the 
arrhythmic group, and positive serology for Chagas's 
disease in 10096 of the patients. 

Abnormalities in diastolic function have been 
ascribed to altered myocardial properties (ischaemic 
disease, hypertrophy)?°?! 2627 or to microvascular 
involvement (diabetes).?4 

In Chagas’s disease these abnormalities are due to 
oedema, inflammatory cell infiltration, and destruc- 
tion of the myocardial fibres. In the more advanced 
stages, fibrous replacement of myocardial fibres might 
be a cause contributing to myocardial rigidity. 

These findings lead us to believe that the initial 
manifestation of Chagas’s disease is predominantly a 
diastolic rather than a systolic dysfunction and that 
only years later the symptoms secondary to severe 
impairment of pumping or systolic function prevail. 

It is a well known fact that in Chagas’s disease the 
initial infection, easily detected by serological tests, is 
often followed by a latent period which lasts for years 
or even decades. It is important during this period to 
detect any sign of heart disease. This not only permits 
timely therapeutic measures to be taken, such as para- 
siticide drugs, but also a better assessment of these 
measures and further knowledge as far as prognosis 
and the evolution of this disease is concerned. 

To our knowledge there is no report of studies of 
diastolic function in Chagas’s disease using non- 
invasive techniques. Carrasco et al found abnormal 
and progressive changes in left ventricular systolic 
function and distensibility using invasive studies.? 
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Vegetations in infective endocarditis 
Clinical relevance and diagnosis by cross sectional 
echocardiography 


WAYNE J STAFFORD,* JOAN PETCH, DOROTHY J RADFORD 
From the Department of Cardiology, The Prince Charles Hospital, Brisbane, Queensland, Australia 


SUMMARY Cross sectional echocardiography identified vegetations in 45 of 62 (73%) patients who 
had clinical evidence of active infective endocarditis. The sensitivity of this technique in diagnosing 
vegetations in infective endocarditis was 93% and the specificity 89%. The predictive value of a 
positive test was 96% and that of a negative test 80%. Vegetations were detected with a similar 
frequency on the aortic and mitral valves. The incidence of valvar incompetence, congestive heart 
failure, and the need for surgical intervention was similar in the patients with and without vegeta- 
tions. Embolism occurred in 47% of those patients with vegetations and in 12% of those without. 
The mortality rate was 27% in those with vegetations, and no patient without vegetations died. 
Thus cross sectional echocardiography is accurate in diagnosing vegetations in patients with 
infective endocarditis, and this finding identifies patients at high risk of embolic complications and 


death. 


Some patients with infective endocarditis have vegeta- 
tions which may be identified by echocardiography, 
and this finding has been suggested to indicate a poor 
prognosis with a high incidence of complications.'-? 
Initial studies were, however, performed using M 
mode echocardiography,!~3 and this is less sensitive 
than cross sectional echocardiography in detecting 
smaller or anatomically less accessible vegetations.4~ 6 
Few studies have been carried out that reassess the 
clinical significance of vegetations detected by wide 
angle cross sectional echocardiography,?57 and the 
surgical implications of this finding therefore remain 
controversial. The reliability of detecting vegetations 
by cross sectional echocardiography also requires 
careful assessment, as the differentiation of vegeta- 
tions from other valvar abnormalities by M mode 
echocardiography is difficult.5 In this study we 
attempted to solve these problems firstly by reviewing 
our experience of the accuracy of diagnosis of vegeta- 
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tions by cross sectional echocardiography, and, sec- 
ondly, by determining the relation between the pres- 
ence of vegetations and the occurrence of clinical 
complications in patients with active infective 
endocarditis. 


Patients and methods 


Sixty two consecutive patients (42 male, 20 female; 
mean age 43-8 (range 3-81) years) with.the clinical 
evidence of infective endocarditis underwent cross 
sectional and M mode echocardiography between 
December 1979 and May 1983. Follow up was for a 
mean of 17 (range 1—42) months. All patients had 
strong clinical evidence of active endocarditis, includ- 
ing two or more of the following features: fever, 
sweating, heart murmur, splenomegaly, peripheral 
features of endocarditis, and positive blood cultures. 
АП echocardiographic studies were performed in the 
standard views during the period of diagnosis and 
treatment in hospital using a Varian V-3000 (Varian 
Associates) phased array ultrasonograph. Vegetations 
were defined as masses, sessile or pedunculated, 
attached to the cardiac valves or endocardial sur- 
faces.? 

The clinical records and echocardiographs were 
reviewed retrospectively and the accuracy of the diag- 
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Vegetations in infective endocarditis 


de 


Figure Cross sectional echocardiogram in the parasternal long 
axis view showing large vegetations (arrow) attached to the aortic 
valve leaflets. Veg, vegetations; LV, left ventricle; LA, left 
atrium. 


Table 1 Site affected by infective endocarditis їп 62 patients 
with and without vegetations 








Sue With vegetations Without vegetanons 
(n=45) (n=17) 

Aortic valve 21 11 

Mitral valve 20 5 

Tricuspid valve 2 0 

Pulmonary valve 0 1 

Ventricular septal defect 2 0 


Table 2 Underlying pathology predisposing to infective 
endocarditis. Figures are numbers of patients 








Pathology With Without 
vegetations vegetations 
(n=45) (n=17) 
Mitral valve prolapse 9 3 
Bicuspid aortic valve 8 3 
Rheumatic aortic valve disease 2 1 
Rheumatic mitral valve disease 2 l 
Mitral valve disease (other) 3 0 
Calcific aortic stenosis 2 3 
Aortic valve replacement 1 4 
Mitral valve replacement 2 1 
Ventricular septal defect 2 0 
Congenital subvalvar aortic 
stenosis 1 0 
Congenital pulmonary stenosis 0 l 
No underlying pathology 13 0 
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nosis of vegetations by echocardiography assessed by 
comparing the echocardiographic interpretation with 
subsequent surgical and necropsy reports of the valvar 
pathology. The sensitivity, specificity, and diagnostic 
accuracy of cross sectional echocardiography in 
detecting vegetations in patients with endocarditis 
were calculated by the following formulae'?: 
sensitivity - TP TP-- FN), specificity = TN/(TP + 
FP), diagnostic accuracy of a positive test- TP. 
(TP-- FP), and the diagnostic accuracy of a negative 
test - TN/(TN + FN), where TP is a true positive, TN 
a true negative, FP a false positive, and FN a false 
negative test. 

The subsequent clinical course and occurrence of 
complications were also noted and compared with the 
echocardiographic features. The results were analysed 
using Fisher's exact probability test for statistical 
significance. 


Results 


Of the 62 patients with active endocarditis, 45 (7396) 
had vegetations identified by cross sectional echocar- 
diography (Figure), and 17 (2796) had no evidence of 
vegetations. In two patients, vegetations were noted 
two and four weeks respectively after an initial 
echocardiogram had shown no evidence of vegeta- 
tions. In 27 patients, the echocardiographic diagnosis 
of vegetations was subsequently confirmed at surgery 
or necropsy. Two patients had vegetations which were 
missed by echocardiography, and one patient had 
thickened aortic valve leaflets incorrectly diagnosed as 
vegetations. Eight patients were confirmed as having 
no evidence of vegetations on echocardiography or at 
surgery (true negative test). In 24 patients there was 
no confirmation of the presence or absence of vegeta- 
tions. 

Using the standard formulae, the sensitivity of 
cross sectional echocardiography in diagnosing vege- 
tations was 93% and the specificity 89%. The predic- 
tive value of a positive test was 96% and the predictive 
value of a negative echocardiogram for the absence of 
vegetations 80%. 

The aortic and mitral valves were most commonly 
affected, with vegetations occurring with similar fre- 
quency in either of these positions (Table 1). The 
underlying pathology predisposing to endocarditis in 
these patients was similar in patients with vegetations 
and in those without (Table 2). Three patients had 
echocardiographic evidence of mitral valve prolapse 
with redundant leaflet tissue, such that there was 
difficulty in differentiating coexisting vegetations. In 
each case, however, there were considered to be vege- 
tations in addition to leaflet tissue, and this was sub- 
sequently confirmed at operation in two of the three 
patients. Other complications were detected by cross 
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Table 3 Organisms detected in 62 patients with infective 
endocarditis. Figures are numbers of patients 


Organism 





With 
vegetations 
(n=45) 


Without 
vegetations 
(n=17) 





Streptococcus viridans 8 
Streptococcus sanguis 

Streptococcus mins 

а Haemolytic streptococcus 
Streptococcus faecalis 

Streptococcus bovis 

Staphylococcus aureus 
Staphylococcus epidermidis 

Coxiella burnetit (О fever) 
Haemophilus influenzae 
Corynebacterium diptheriae gravis 
Actinobacillus actinomycetemcomitans 
Paecilomyces varioti (fungal) 
Culture negative 


Ae — uU c uu 
лооомњроо мнооо о 





sectional echocardiography including pericardial 
effusion in 11 patients, para-annular aortic abscesses 
in two, and an aortic false aneurysm in one. 

Table 3 shows the organisms detected. Staphylococ- 
cus aureus was more common in the group of patients 
with vegetations. The other organisms were similar in 
those with and without vegetations. 

Table 4 shows the incidence of clinical complica- 
tions in these patients. The indications for surgery in 
all cases were progressive valvar incompetence, severe 
or refractory heart failure, or uncontrolled infection 
despite adequate antibiotic treatment. Aortic valve 
replacement was performed in 25 patients, and mitral 
valve replacement in nine. Medical treatment alone 
was successful in eight of the 17 patients (47%) with- 
out vegetations but in only 12 of 45 (27%) with vegeta- 
tions (p=0-09). 

Embolism occurred from the aortic valve in 11 and 
from the mitral valve in nine. Nine of the 23 patients 
with embolism had Staph aureus infection, including 
four of those who died. The most common site of 
embolism was cerebral (12 patients) followed by cor- 
onary and renal (five each), and three patients with 
right heart endocarditis had multiple septic pulmon- 
ary emboli. The overall mortality rate was 19%, all 
deaths occurring in the group with vegetations. Eight 
of the 12 deaths were directly related to systemic 
embolism. Four deaths occurred in the group that was 


Table 4 Incidence of complications in 62 patients with 
infective endocarditis. Figures are numbers (%) of patients 





Complication With | Without p value 
vegetations vegetations 
(n=45) (n=17) 
Valvar incompetence 40 (89) 15 (88) NS 
Congestive heart failure 26 (58) 9 (53) NS 
Embolism 21 (47) 2 (12) <0-01 
Death 12 (27) 0 «0-02 
Need for surgery 24 (53) 9 (53) NS 





NS, not significant. 


Stafford, Petch, Radford 


Table 5 Relation of size of vegetation with clinical 
complications in 45 patients with vegetative endocarditis. Figures 
are numbers of patients 











Complication Size of vegetation (mm) 

Smail Moderate Large 

(<5) (6-19) (720) 

(n4) (1=25) (п=16) 
Valvar incompetence 3 23 14 
Congestive cardiac failure 1 15 10 
Embolism 0 12 9 
Death 0 7 5 
Need for surgery 2 12 10 





treated surgically. Two patients, sustained cerebral 
emboli at the time of operation, and both subse- 
quently died. Two patients died postoperatively with 
disseminated coagulopathy and renal failure. 

The size of the vegetation on echocardiography was 
related to the major complications (Table 5). In the 
group with vegetations, embolism or a fatal outcome 
in our series occurred only in patients with a vegeta- 
tion 75 mm in diameter, though two patients without 
vegetations had systemic emboli. Six patients had 
sessile vegetations, and'embolism occurred in one of 
these; the remaining 39 patients had mobile peduncu- 
lated vegetations. Because of the retrospective nature 
of this study the size of the vegetations estimated 
echocardiographically and at surgery or necropsy 
could not be compared. Nevertheless, in all cases in 
which there was confirmation of the vegetation avail- 
able the location and morphology of the vegetation 
were accurate. 


Discussion 


The incidence of vegetations in 73% of the patients 
in our study resembles closely that reported in other 
studies using cross sectional echocardiography‘ !! 
and is higher than that reported using M mode 
echocardiography.! 46 The difference in the results of 
the two methods is most likely to be related to the 
higher sensitivity of cross sectional echocardiography 
in detecting smaller and less accessible vegetations, a 

view shared by others.*- 5 Although somewhat limited 
by the relatively small number of patients in the pres- 
ent study, the specificity, sensitivity, and diagnostic 
accuracy support the concept that cross sectional 
echocardiography is reliable and accurate in detecting 
vegetations in patients who have active endocarditis. 
The site and morphology of vegetations seen by 
echocardiography were related closely to the surgical 
and necropsy findings. In the two patients who had 
vegetations missed by echocardiography, one had 
undergone the investigation six weeks before oper- 
ation, and thus the vegetations may have developed 
during this interval; in the other there were abnormal, 


Vegetations in infective endocarditis 


thickened, fibrotic aortic valve leaflets that made the 
vegetations difficult to identify. А further patient had 


thickened calcified aortic valve leaflets that were mis- ` 
taken for vegetations. Three patients had mitral valve ` 


prolapse with redundant leaflet tissue in whom the 
identification of separate vegetations was difficult, a 
problem also experienced by others. 12 13 

Cross sectional echocardiography was useful not 
only in detecting vegetations but also in diagnosing 
other cardiac complications of infective endocarditis 
including pericardial effusion and aortic para-annular 


abscesses. The assessment of left ventricular dimen- | 


sions and function was also of major benefit in 
assessing haemodynamic function and frequently 
averted the need for preoperative cardiac catheterisa- 
tion in this group of critically ill patients. 

Vegetations were found with a similar frequency on 
the aortic and mitral valves, and complications from 
either site occurred equally. This contrasts with the 
findings of Come et al, who found a higher incidence 
of complications from aortic vegetations,!^ though 
this was not the experience of others.! 2? The organ- 
isms detected were similar in patients with and with- 
out vegetations, apart from the higher incidence of 
Staph aureus in those with vegetations. Takeda et al 
reported a similar finding.5 

The incidence of valvar incompetence, congestive 
heart failure, and the need for surgical intervention 
was similar in patients with and without vegetations. 
Lutas et al also found a similar incidence of these 
complications in the two groups in their series of 77 
patients." This contrasts with several previous studies 
that reported a higher prevalence of these complica- 
tions in patients who had vegetations.!^? This differ- 
ence could be explained by the suggestion that cross 
sectional echocardiography is more sensitive in detect- 
ing smaller and anatomically less accessible vegeta- 
tions, which are less likely to cause valve destruction 
and the consequent haemodynamic disturbances. We 
cannot exclude, however, the possibility that differ- 
ences in referral patterns or in patient populations 
may be responsible for the variation in the results of 
these studies. 

The incidence of embolism and the mortality rate 
were both related to the presence of vegetations on 
echocardiography, a finding shared with several pre- 
vious studies.? 5 14 Almost half the patients with vege- 
tations in our series subsequently had emboli, and the 
majority of deaths were directly related to systemic 
embolism (eight of 12). The size of the vegetations 
was also relevant in that no emboli occurred in 
patients who had a vegetation that was «5 mm, 
though two patients had no vegetations and suffered 
emboli. The morphology of the vegetations was much 
less helpful in predicting complications. Medical 
treatment alone was successful less often in those with 
vegetations (29%) than in those without (47%), 
though this difference was not statistically significant. 
In the group with vegetations, 19 patients who suf- 
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fered emboli did so during medical treatment, and six 
of these subsequently underwent valve replacement. 
Two patients treated surgically had emboli periopera- 
tively that were possibly related to dislodgement of 
vegetative material during excision of the infected 
valve. Thus medical treatment was more likely to be 
complicated by embolism. Four deaths occurred in 
the surgically treated group of 24 patients compared 
with eight in the 21 patients treated medically. 

These findings considered together suggest that the 
presence of large vegetations detected by cross sec- 
tional echocardiography identifies patients with infec- 
tive endocarditis who have a high incidence of 
embolic complications and death. We recommend 
that early surgery is considered in patients with infec- 
tive endocarditis and large vegetations in view of this 
high risk of embolism. The decision regarding 
surgery, will, however, remain an individual one 
based on all the clinical aspects of each case. 
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Pre-excitation due to accessory sinoventricular 
connexions associated with coronary sinus aneurysms 


A report of two cases 
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SUMMARY Ventricular pre-excitation occurred in two cases in which the accessory pathways between 
the atria and the ventricles were histologically identified as being associated with aneurysmal mal- 
formations of the coronary sinus. In one case the connexions were in the posterior wall of the 
coronary sinus aneurysm and were not related to the atrioventricular annulus; in the other, a 
connexion was situated in the anterior wall of the aneurysm in close apposition to the annulus and 
superficially resembled a Kent fibre. These connexions were considered to be of sinus venosus origin 
and to represent a modification of the muscular sheath that normally surrounds the coronary sinus 
but does not continue along the coronary veins. One of the posterior wall connecting bundles was 
composed of abnormally large Purkinje-like fibres; this may have played some role in the manifesta- 
tion of the pre-excitation by reducing any mismatch impedance. 


In normal circumstances the heart beat is initiated in 
the sinoatrial node and the impulse spreads through 
the atrial muscle to reach the atrioventricular node 
where it is delayed before passing on to the ventricular 
muscle through the atrioventricular bundle of His and 
the right and left bundle branches. This provides the 
only functional connexion between the inlet and out- 
let chambers of the heart. Pre-excitation! is said to 
occur when the ventricular response to the atrial con- 
traction occurs earlier than would be expected if the 
activation had followed the usual pathway through the 
specialised conduction system; it is manifested by an 
unduly shortened PR interval on the electrocardio- 
gram. 

Various accessory pathways and connexions have 
been postulated or described as substrates of the vari- 





ous presentations of this condition (Fig. 1). Accessory 
atrioventricular muscle fibres bridging the fibrous tis- 
sue between atrial and ventricular myocardium may 
be parietal, as first described by Kent,?~7 or septal.’ ? 
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Fig. 1 Diagram showing normal and abnormal 
atrioventricular conduction pathways. The normal pathway is 
from the atrioventricular node (AVN) through the 
atrioventricular bundle of His (H) which penetrates the central 
fibrous body (CF B) and divides into the right and left bundle 
branches (RBB, LBB) in the ventricular septum (VS). 
Abnormal pathways include 1, Kent fibres; 2, Mahaim fibres; 
3, James fibres, and 4, central atrioventricular pathway as 
described by Krikler et al.’ RA, right atrium; RV, right 
ventricle; LV, left ventricle. 
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Accessory nodoventricular connexions, between parts 
of the atrioventricular node and the ventricular 
myocardium, were first described by Mahaim.!°~ 12 
Bypass tracts or atriofascicular fibres passing from the 
atrial muscle to the atrioventricular bundle of His 
have been described by James,!? and fasciculoven- 
tricular connexions between the atrioventricular 
bundle and the ventricular muscle are included in the 
connexions described by Mahaim.!° 12 The preferred 
anatomical terminology is that proposed by the Euro- 
pean Study Group on Pre-excitation,!^ as there is con- 
siderable confusion and inaccuracy in the use of the 
various eponymous terms. !5 

When the depolarising impulse reaches the ven- 
tricular muscle other than through the atrioventricu- 
lar bundle and its branches, the spread is abnormal; 
this is reflected in an abnormal slurring of the first 
part of the electrocardiographic ventricular complex, 
the so called delta wave. This, together with the short 
PR interval, is characteristic of the Wolff- 
Parkinson-White syndrome.!$ The nature of the 
polarity of the delta wave in the various electrocar- 
diographic leads enables the site of the epicardial 
atrioventricular connexion to be determined.!? When 
the atrioventricular node is bypassed, but the spread 
of stimulus within the ventricle is through the 
atrioventricular bundle and bundle branches, then the 
short PR interval is followed by normal ventricular 
electrocardiographic complexes as in the Lown- 
Ganong-Levine syndrome.!8 Apart from. the ventricu- 
lar pre-excitation these various accessory pathways 
also provide the substrate for re-entry phenomena; 
these can lead to arrhythmias, which are the usual 
mode of clinical presentation of these syndromes. 
Associated anomalies have been noted, especially Ebs- 
tein's malformation of the tricuspid valve!? and 
hypertrophic cardiomyopathy.?° 

We studied two cases of clinically documented ven- 
tricular pre-excitation syndrome of the Wolff- 
Parkinson-White type, in which there were unusual 
aneurysmal malformations of the coronary sinus. In 
both cases accessory muscular atrioventricular con- 
nexions were found within these lesions. As far as we 
are aware neither the coronary sinus anomaly nor this 
type of accessory connexion has been described previ- 
ously. 


Case reports 


CASE 1 

Clinical features 

A 16 year old male dyestuffs laboratory technician 
presented with an eight month history of episodes of 
palpitation accompanied by. retrosternal chest.pain. 
The first episodé lasted for about four hours. The 
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minutes, but the frequency had increased to every 
three or four weeks, usually occurring after exercise. 
There was no relevant medical or family history; he 
smoked 10-15 cigarettes a day and his consumption of 
tea, coffee, and alcohol was moderate. Physical 
examination, chest radiography, and M mode and 
cross sectional echocardiography were all normal. 
Standard electrocardiography (Fig. 2) showed the 
appearances of a Wolff-Parkinson-White pre- 
excitation syndrome with a short PQ interval, and the 
polarity of delta waves in the various leads was in 
accord with anomalous atrioventricular conduction 
through an accessory pathway in the posterior aspect, 
according to the table of Gallagher et al!” (Fig. 3). 

Treatment was started with disopyramide 100 mg 
and amiodarone 200 mg twice a day, and he remained 
well for three months when he had a further spon- 
taneous episode of supraventricular tachycardia that 
required electrocardioversion. His medication was 
increased to disopyramide and amiodarone 200 mg 
each three times a day and he remained symptom free 
for a further six months, when he experienced another 
episode of supraventricular tachycardia; this 
responded to 5 mg verapamil intravenously. The dose 
of amiodarone was increased to 200 mg four times a 
day, and he remained well apart from two brief 
episodes of supraventricular tachycardia which ceased 
spontaneously. No episodes of atrial fibrillation or 
atrioventricular dissociation were noted. Graded exer- 
cise did not provoke arrhythmia. 

In view of the satisfactory response to medical 
treatment surgery was not contemplated and elec- 
trophysiological studies were not performed. In Janu- 
ary 1982, three years after the onset of his symptoms, 
he suddenly collapsed and died while walking in the 
street. He was 18% years old. 


Necropsy findings 
Apart from the presence of a 125 g benign thymoma 
in the upper part of the anterior mediastinum, 
abnormal findings were limited to the heart. This 
was of normal shape, slightly enlarged 
(130x 100x70 mm) and weighed 360 g. The apex was 
directed normally to the left. The pulmonary and sys- 
temic venous connexions appeared to be normal. 

The atria were of solitus configuration and of equal 
size and normal anatomy. À 5 mm diameter 12 mm 
long tunnel passed upwards from the fossa ovale into 
the septal wall of the right atrium, but there was no 
communication with the left atrium. The atrioven- 
tricular valves were normal. 

The right ventricle wall was slightly thickened to 
8 mm and the trabeculations were well marked. The 


» «posterior papillary muscle was very small. The left 


ventricular myocardium and the ventricular septum 


duration of the attacks had dimished to'about 30'to 45- = ^were-tniformly thickened to 20 mm. The free wall 
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Fig.3 Diagram of heart base showing position of various 
parietal atrioventricular accessory connexions. The asterisk 
indicates the position of the accessory connexion in cases 1 and 2 
according to the electrocardiographic delta wave polarity. A, 
aorta; P, pulmonary artery; MV, mitral valve; TV, tricuspid 
valve; CS, coronary sinus. 


was appreciably trabeculated, the papillary muscles ill 
defined, and many of the mitral valve chordae 
inserted directly into the ventricular wall. 

On the posterior aspect of the heart at the base of 
the right ventricle immediately below the-atrioven- 
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Fig. 2 Case 1: (a) standard lead of 
electrocardiogram and (b) rhythm strip. 


tricular sulcus, there was an area of cyst-like softening 
discernible only by palpation and without any visible 
indication. This occupied an ill defined area approxi- 
mately 20 mm in diameter and appeared to have no 
tension within. Incision and subsequent complete 
opening showed this to be a rather more extensive 
lesion, extending 50 mm laterally to the right from 
the midline, 20 mm downwards from the atrioven- 
tricular sulcus and up to 10 mm in depth. There was 
partial division of the cavity by incomplete septa be- 
tween the anterior and posterior walls, and the cavity 
was lined by a thin smooth membrane. At the upper 
left margin, that is approximately in the midline of the 
heart, this cavity communicated with the lumen of the 
apparently normal coronary sinus which was 4 mm in 
diameter and opened into the right atrium through a 
dilated coronary sinus orifice of 8 mm in diameter. 
This lesion appeared to be an abnormal (aneurysmal) 
posterior coronary vein (Fig. 4). The posterior wall 
was thin and membranous but contained extensive 
areas of muscle which appeared to continue into the 
myocardium of the wall of the right ventricle. Dissec- 
tion and transillumination showed some apparent 
strands of muscular continuity between the posterior 
wall of the right atrium, the posterior wall of the 
coronary sinus, and the posterior wall of this ventricu- 
lar venous *'cyst." Dissection and transillumination of 
the atrioventricular rings elsewhere showed no evi- 
dence of atrioventricular muscle continuity when 
viewed macroscopically or with a X5 dissecting lens. 
The great arteries arose normally and the pulmo- 
nary artery and aorta were each 20 mm in diameter 
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and had normal valves. The coronary arteries were 
normal in distribution and structure. 


Histology 

Serial sections showed the atrioventricular node, the 
atrioventricular bundle (of His), and the left bundle 
branch fascicles to be normal. The right bundle 
branch was slightly abnormal in that its origin and 
course were situated entirely intramuscularly, and 
there were early tenuous connexions between it and 
the working myocardium of the upper part of the 


Fig. 4 Case 1: morphological 
appearance of the posterior aspect of the 
heart. (a) The visceral pericardium has 
been stripped from an area approximately 
equal to the extent of the coronary sinus 
aneurysm; the dotted area indicates the 
block of tissue which was taken for 
histological sections. (b) The posterior 
wall of the aneurysm has been incised and 
reflected upwards showing the smooth 
partially septated inner aspect. The 
opening into the right atrium is indicated 
by the open arrow; openings of the 
coronary veins are indicated by the small 
arrows. CS, coronary sinus; RA, right 





atrium; LA, left atrium; RV, right 
ventricle; LV, left ventricle; IVC, 


sulcus. 


atrioventricular septum. A block of tissue was 
removed from the posterior wall of the coronary sinus 
aneurysm, as indicated in Fig. 4, extending from the 
left atrium to the left ventricle. Serial histological sec- 
tions showed three bands of direct atrioventricular 
muscular connexion, two of which are illustrated in 
Figs. 5 and 6. One of these accessory connexions was 
of special interest as it was composed of very large 
fibres up to 50 и in diameter, almost four times the 
width of the adjacent normal myocardial fibres (10— 
14 u). These fibres also showed increased spacing of 


inferior vena cava; AVS, atrioventricular 
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Fig. 5 Casel: serial histological sections from the block 
indicated їп Fig. 4a. (a) The muscle fibres of the coronary sinus 
(CS) and the ventricle (V) are separated by a fibrous zone (F). 
(b) The same area as (a) at an interval of 40 p showing the 
bridging continuity of a muscle strand. (Masson's trichrome stain 
x 20.) 


the myofibrils and some clear vacuolation, and they 
were surrounded and separated by conspicuous 
fibrosis. The appearances were somewhat similar to 
those of Purkinje fibres (Fig. 7). 


CASE 2 

А young girl had had a normal history apart from 
recurrent urinary infections associated with slight 
ureteric reflux since the age of 7 years. When she was 
10 years old she fainted after running uphill but 
remained well otherwise. Six months later, however, 
while running at play, she suddenly collapsed, stop- 
ped breathing, and went into a tonic convulsion. She 
was given mouth to mouth artificial respiration during 
transport to hospital, where on arrival she was pulse- 
less and without an audible apex beat. Respirations 
were gasping and there had been some inhalation of 
vomit and she was immediately intubated. An elec- 
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Fig. 6 Case 1: 
((a)-c)) showing progressive bridging of the fibrous gap by 
coalescence of two portions of a prominent and discrete muscle 
band (arrowed). ( Masson' s trichrome stain х 20.) CS, coronary 
sinus; F , fibrous zone; V, ventricle. 


serial histological sections at 10 p intervals 


trocardiogram showed ventricular fibrillation; this 
reverted to sinus rhythm after electrocardioversion 
and an initial sinus bradycardia responded to 
atropine. She remained in sinus rhythm with a good 
cardiac output and made a full clinical recovery within 
24 hours. 

Over the next year she experienced several episodes 
of feeling faint, associated with pallor and palpitation, 
always after exercise. Several attempts were made to 
reproduce an attack with exercise in the hospital out- 
patient clinic but without success. The resting elec- 
trocardiogram did, however, show the classical 
appearances associated with the Wolff-Parkinson- 
White pre-excitation syndrome with a posterior acces- 
sory atrioventricular connexion (Fig. 8). 

Almost a year after her initial cardiac arrest she 
again felt faint while playing in the garden, and this 
was accompanied by central chest pain. She was 
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Fig.7 Histological sections: (a) high power view of the 
bridging band (arrows) shown in Fig. 6b showing the contrast 
between it and the adjacent working muscle. ( X 80.) (b) detailed 
higher power view of part of the anomalous band (arrows) shown 
in Fig. 6a showing the greatly enlarged muscular elements 
separated by fibrous stroma. ( х 200.) 





Fig. 8 Case 2: standard lead electrocardiogram. (Note leads 
V3 and V4 are recorded at half sensitivity.) 


immediately taken to hospital and on arrival she was 
pale and restless, and her pulse was noted to be slow 
and irregular. While being examined she had a cardiac 
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arrest, again associated with a tonic convulsion. The 
electrocardiogram again showed ventricular fibrilla- 
tion; this did not respond to electrocardioversion, she 
proceeded to asystole, and all attempts at resuscitation 
failed. She was 11 years old when she died. 


Necropsy findings 
No major abnormalities were noted other than in the 
heart. The heart was not enlarged, and the cavities, 
valves, and great vessels were normal. An incision 
across the posterior wall of the left atrioventricular 
ring showed a thin walled aneurysmal sac | cm across 
which communicated with the coronary sinus through 
a narrow slit (Fig. 9). Lateral to this sac the sinus was 
absent, and the posterior cardiac vein was enlarged 
and extended towards the apex of the ventricle. 
Histological sections traced a very large muscle 
connexion which slanted diagonally on the posterior 
wall of the heart, from the posterior wall of the left 
atrium to the left ventricle across the aneurysmal por- 
tion of the coronary sinus (Fig. 10). 


Discussion 


Accessory atrioventricular connexions and bypass 
tracts, of the types previously described, are common 
vestigial remnants of embryonic structures, but only a 
small proportion of these cause ventricular pre- 
excitation detectable by electrocardiography and very 
few cause symptomatic діѕеаѕе.!9 2! It is not gener- 
ally realised that apart from atrioventricular connex- 
ions, normal or anomalous, of specialised or non- 
specialised myocardium, there is another potential 





Fig. 9 Case 2: morphological appearance of the posterior 
aspect of the atrioventricular junction sectioned in the sagittal 
plane showing the coronary sinus aneurysm (asterisk) and the slit 
like orifice into the coronary sinus (CS). LA, left atrium; LV, 
left ventricle; A, aorta. 
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Fig. 10 Case 2: (a) a longitudinal histological section through the coronary sinus (CS) aneurysm and the adjacent atrioventricular 
Junction. (Masson's trichrome stain X 4.) (b) Microscopical appearance of the atrioventricular junction 1n an area adjacent to that in 
(a) showing the accessory connexion (arrows). ( Masson's trichrome stain X 20.) AVA, atrioventricular annulus; MV, mitral valve; 


LA, left атит; LV, left ventricle. *, aneurysm cavity 


avenue of communication between the proximal car- 
diac chamber and the ventricles and that is through 
the musculature of the sinus venosus. In many verte- 
brates the sinus venosus is a distinct contractile 
chamber. In. mammals this separate identity is lost 
during fetal development, and the sinus venosus 
becomes absorbed into the right atrium and its muscle 
becomes continuous with that of the atrium. The 
right extension of the primitive sinus venosus, or 
cuvierian duct, becomes the cardiac end of the 
superior vena cava, and the left extension becomes the 
coronary sinus (Fig. 11). The proximal portion of the 
coronary sinus is surrounded by a spiral sheath of 
myocardium which is continuous with that of the 
morphological right atrium and is clearly a remnant of 
the sinus venosus musculature (Fig. 12). This muscle 
sheath normally stops abruptly at or shortly beyond 
the orifices of the entering coronary veins, but as these 
veins progress into intimate anatomical relation with 
the ventricles it remains possible that extensions of 
this sinus venosus muscle could be responsible for a 
physiological connexion. Such a circumstance might 
well be more likely to occur in association with a mal- 
formation of the coronary sinus. This appears to have 
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Fig. 11 Diagrams showing the development of the coronary 
sinus: (a) schematic early embryonic stage and (b) fully developed 
condition, as viewed from behind. The sinus venosus component 
is coarsely stippled. A, atrium; LA, left atrium; RA, night 
atrium; V, ventricle; LV, left ventncle; RV, right ventricle; SV, 
sinus venosus; AVA, atrioventricular annulus; SVC, superior 
vena cava; IVC, inferior vena cava; AzV, azygos vein; CS, 
coronary sinus; ACV, anterior cardinal vein; PCV, postenor 
cardinal vein. Asterisks indicate the positions of the sinoatrial 
and atrioventricular nodes. 


Pre-excitation due to accessory sinoventricular connexions associated with coronary sinus aneurysms 
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Fig. 12 Histological sections (a) longitudinally through a normal coronary sinus and adjacent structures and (b) through the origin of 
a coronary vein from the coronary sinus showing the level of discontinuity of the coronary sinus muscle coat (arrow). (Masson's 
trichrome stain X 5 (a) and X 20 (b).) CS, coronary sinus; CSM, coronary sinus muscle; AM, atrial muscle; VM, ventricular muscle; 
AVA, atrioventricular annulus; LA, left atrium; CV, coronary vein; CA, coronary artery. 


been the situation in the two cases which we have 
studied. In the first case the muscular connexion was 
located in the posterior aspect of the aneurysm and 
was not related to the atrioventricular annulus. In the 
second case the connexion was on the anterior wall of 
the aneurysm and was in close apposition to the 
fibrous atrioventricular annulus and presented a his- 
tological picture very similar to that of the more usual 
atrioventricular connexion or bundle of Kent; 
nevertheless, we consider that the underlying 
sinoventricular nature was common to both cases 
(Fig. 13). 

The presence of other accessory connexions was not 
excluded; this would have required serial histological 
sections throughout the whole of the atrioventricular 
junction which would have been a formidable task. 
Dissection with transillumination in the patient in 
case 1 excluded major connexions, but fibres of 
microscopic size would not have been identified. 
Nevertheless, as the electrocardiographic delta wave 
polarity patterns indicated that the accessory conduc- 
tion pathways were precisely at the position of the 
coronary sinus aneurysms, we consider that there is 


little doubt that the connexions that we identified 
were responsible for the clinical features in both cases. 

The large size of the fibres of one of the accessory 
connexion bundles in the patient in case 1 is of special 
interest as a possible contributory factor in the evolu- 
tion of the clinical abnormality from a pre-existing 
symptomless anatomical malformation. Accessory 
tracts are not necessarily used, and Krikler and Row- 
land have pointed out that narrow pathways may be 
ineffective in stimulating a ventricular response 
because of mismatch impedance, in which the “cable 
capacity" is inadequate to depolarise the large mass of 
myocardium into which it 15 inserted.?? Enlargement 
of the tracts by muscle disorders such as hypertrophic 
cardiomyopathy may be a possible cause of activation 
of such latent pathways by cancelling this mismatch 
impedance.?* It is not possible to know whether the 
Purkinje-type structure of the tract in question had 
always been so or whether this was an adaptive 
development in response to the abnormal conduction 
activity in which it was involved, but in either case 
such enlargement would be likely to enhance both the 
conduction rate and the cable capacity. Such changes 
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Fig. 13 Diagrams showing the relation of the coronary sinus 
muscle to the atrial and ventricular muscle (a) in a normal case, 
(b) in case 1, and (c) in case 2. The asterisks indicate the 
coronary sinus aneurysms and the arrows the accessory pathways. 
AVA, atrioventricular annulus; CS, coronary sinus; CV, 
coronary vein; Е, fibrous discontinuity; RA, right atrium; RV, 
right ventricle; TV, tricuspid valve. 


have not been described in other accessory pathways, 
and it is possible that they may be related to the 
unusual anatomical location. 

Although the combination of coronary sinus aneur- 
ysm and ventricular pre-excitation is a rare condition, 
the finding of two almost identical examples within a 
short period suggests that it is worth bearing in mind 
especially when cases that are being considered for 
surgical intervention are investigated, and that during 
detailed electrophysiological studies placement of the 
coronary sinus electrode lead could quite conveniently 
be combined with coronary sinus contrast angio- 
graphy. 


LMG is supported by the National Heart Research 
Fund. 
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- Tachycardia induced myocardial dysfunction 


A reversible phenomenon ? 
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SUMMARY Four patients with myocardial dysfunction related to tachycardia underwent elec- 
trophysiological studies, which showed a re-entrant supraventricular tachycardia using an accessory 
atrioventricular connexion. Serial assessment of left ventricular function by echocardiography 
before and after control of the tachycardia indicated a variable degree of reversibility. Endomyocar- 
dial biopsy in two patients detected non-specific histological changes. Because of the possible role of 
ischaemia in this condition effective control of prolonged tachycardia is needed to prevent deteriora- 


tion of myocardial function. 


Paroxysmal supraventricular tachycardia is usually 
well tolerated in the absence of underlying impair- 
ment of cardiac function.! ? There are, however, 
published reports of patients with chronic or frequent 
episodes of supraventricular tachycardia who present 
with symptoms and with clinical and radiological 
signs of congestive cardiac failure.*? The patients in 
these reported cases were in general young, often in 
the paediatric age group. Many were without underly- 
ing cardiac disease, and with control of the tachyar- 
rhythmia the symptoms and signs of congestive heart 
failure resolved. Detailed assessment of the mechan- 
ism of the arrhythmia and accurate serial determina- 
tion of left ventricular function before and after the 
resolution of congestive heart failure, as a result of 
successful antiarrhythmic treatment, has only 
recently been reported.!°!! We report four patients 
with chronic or frequent episodes of supraventricular 
tachycardia, resulting in severe impairment of left 
ventricular function. The mechanism of the arrhyth- 
mia was determined in each case by electrophysiologi- 
cal study, and endomyocardial biopsy was performed 
in two cases. Serial assessments of left ventricular 
function were made in each case by echocardiogra- 
phy, radionuclide scintigraphy, or both after control of 
the arrhythmia as well as clinical assessment of symp- 
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tomatic and functional status. 
Patients and methods 


CASE 1 

A 16 year old girl had an episode of syncope which 
caused no personal injury. Supraventricular tachycar- 
dia (rate 160 beats/minute) was noted at the local hos- 
pital, and a chest x ray film showed cardiomegaly. She 
had been asymptomatic up to the time of the accident, 
and there was no history suggesting a recent viral ill- 
ness or excessive alcohol consumption. Four weeks 
later she was referred to the Mayo Clinic with persis- 
tent tachycardia. She had remained asymptomatic. 
Chest x ray films showed cardiomegaly without pul- 


_ monary congestion, and an electrocardiogram showed 


a narrow complex supraventricular tachycardia (rate 
150 beats/minute) with a long ventriculoatrial interval 
(Fig. 1). The P waves were negative in leads II, III, 
and aVF, and the ratio of the interval between the R 
wave and the retrograde P wave to the cycle length 
was 70-5, suggesting the permanent type of recip- 
rocating junctional tachycardia.!? The left ventricular 
ejection fraction measured during tachycardia by 
echocardiography (Fig. 2) and radionclide ven- 
triculography was 2996 and 3396 respectively The left 
ventricle was globally hypokinetic, and an echo- 
refractile apical thrombus was noted. There were no 
other major structural abnormalities of the heart 
detected by clinical examination or echocardiography. 
At cardiac catheterisation there were no shunts and 
the mean pulmonary capillary wedge pressure was 13 
mm Hg. A left ventricular biopsy showed mild hyper- 


I aVR V1 № 
II v2 v5 
R 
p aVL 


III aVF УЗ V6 
Fig. 1 Twelve lead electrocardiogram during tachycardia (case 


1) showing negative inferior P waves and an RP interval greater 
than S096 of the RR interval. 


trophy and mild focal interstitial fibrosis. 

An electrophysiological study detected a re-entrant 
supraventricular tachycardia, using a concealed acces- 
sory pathway, with earliest atrial activation at the os of 
the coronary sinus, as has been previously described 
in this arrhythmia.'? The supraventricular tachycar- 
dia could be easily terminated by ventricular extrasys- 
toles but would spontaneously return after one or two 
sinus complexes without prolongation of the AH 
interval. Procainamide terminated the supraventricu- 
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lar tachycardia by abolishing retrograde conduction 
via the accessory pathway. Subsequent oral treatment 
with digoxin and quinidine allowed sinus rhythm to 
return, and a repeat echocardiogram nine days later 
showed that left ventricular function was unchanged. 
She was discharged taking digoxin and quinidine and 
returned for follow up two months later. She had 
remained in sinus rhythm, and both ап echocardio- 
gram (Fig. 3) and radionuclide angiogram showed 
normal left ventricular function (ejection fraction 6096 
at rest, 70% at peak exercise). А repeat study one year 
later in sinus rhythm showed ejection fractions of 53% 
at rest and of 76% at peak exercise, but the car- 
diomegaly persisted. The most recent echocardiogram 
recorded about two and a half years after admission 
showed normal left ventricular dimensions and func- 
tion with an ejection fraction of 63%. 


CASE 2 

A 9 day old boy, born after a normal pregnancy and 
with a normal delivery, presented with a two day his- 
tory of poor feeding and irritability. On examination 
he was in cardiac failure and had a regular narrow 
complex tachycardia (280 beats/minute). During the 
following week he had recurrent episodes of sup- 
raventricular tachycardia with haemodynamic 
deterioration. During sinus rhythm, anterograde 
pre-excitation was noted. An echocardiogram per- 
formed in sinus rhythm and with a normal serum 
bicarbonate concentration showed an ejection fraction 
of 30%. No other structural cardiac abnormalities 
were noted clinically or during echocardiography. An 
electrophysiological study confirmed supraventricular 
tachycardia using a macrore-entrant circuit with a left 
lateral accessory pathway as the retrograde limb. The 





Fig. 2 
End diastolic dimension 60 mm. LV, left ventricle; LA, left atrium; RV, right ventricle; PW, posterior wall; VS, 
interventricular septum; A, anterior; Р, posterior; І, inferior; S, superior; R, right; L, left. 


Case 1: cross sectional echocardiograms at diastole before tachycardia control in the (a) long and ( b) short axis mews 
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Fig.3 Case I: Cross sectional echocardiograms at diastole three months after tachycardia control in the (а) long axis and ( b) 
short axis views. End diastolic dimension 50 mm. Abbreviations as for Fig. 1. 


arrhythmia was eventually controlled, and six days 
later a repeat echocardiogram showed a left ventricu- 
lar ejection fraction of 5096. The child was discharged 
with treatment and has remained well for four and a 
half months. 


CASE 3 

А 3 week old boy, born after a normal pregnancy and 
with a normal delivery, presented with a two day his- 
tory of poor feeding. On examination he had a regular 
tachycardia (280 beats/minute) and was in circulatory 
shock. He was acidotic, and a chest x ray film showed 
cardiomegaly and alveolar oedema. А narrow complex 
supraventricular tachycardia was noted on electrocar- 
diography. After cardioversion, sinus rhythm 
returned (no anterograde pre-excitation) followed by 
clinical improvement. There was no detectable struc- 
tural cardiac abnormality on clinical or echocardio- 
graphic examination, apart from a global reduction in 


left ventricular function with an ejection fraction of 


10% with a normal arterial pH. During an elec- 
trophysiological study a concealed left free wall acces- 
sory pathway was shown to participate in the sup- 
raventricular tachycardia. Sinus rhythm was main- 
tained with digoxin and quinidine, and a repeat 
echocardiogram three days later showed normal left 
ventricular function (ejection fraction 63%). He was 
well with medication four months after discharge. 


CASE 4 

A 10 year old boy had had Ebstein's anomaly diag- 
nosed by cardiac catheterisation at the age of 3 years. 
Since birth he had had infrequent episodes of sup- 
raventricular tachycardia, and an electrocardiogram 
showed anterograde pre-excitation. Evaluation in 


1981 by echocardiography and cardiac catheterisation 
confirmed the diagnosis, and left ventricular function 
was only mildly abnormal (ejection fraction 48%). He 
was mildly cyanotic at this time. An electrophysiolog- 
ical study showed two mechanisms for his supraven- 
tricular tachycardia: (a) macrore-entry using a right 
free wall accessory pathway retrogradely and (b) 
atrioventricular nodal re-entry using the fast pathway 
retrogradely. He remained well for two years, being 
able to play competitive sports. Regular assessments 
showed good functional status and a normal heart size 
radiologically. Over a five month period before his 
most recent admission the episodes of supraventricu- 
lar tachycardia became more frequent and prolonged, 
and over the last six weeks his arrhythmia was virtu- 
ally incessant. Drug treatment (digoxin, propranolol, 
verapamil, quinidine, encainide) proved ineffective, 
and he developed worsening cardiac failure and car- 
diomegaly. Evaluation showed moderate to severe 
cyanosis and gross cardiac failure. Severe impairment 
of left ventricular function was noted on echocardiog- 
raphy during sinus rhythm (ejection fraction 20%). 
Recurrent supraventricular tachycardia (rate 145 
beats/minute) with a long VA interval was noted on 
monitoring. Arterial oxygen saturation was 68%, and 
left ventricular biopsy showed mild to moderate cellu- 
lar hypertrophy with focal degenerative changes and 
mild to moderate interstitial oedema. There was no 
inflammatory infiltrate. Oral treatment with 
amiodarone was started, and in four days sinus 
rhythm was re-established and maintained with pro- 
nounced clinical improvement. A repeat echocardio- 
gram three months later showed only a mildly 
improved ejection fraction of 30% which was 
unchanged at six months, but at the time of the most 
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recent follow up six months later the ejection fraction 
had improved further to 40-45%. 


Discussion 


The effects of chronic or frequent episodes of 
tachycardia on cardiac function are not well under- 
stood. Tachycardia results in an increase in myocar- 
dial oxygen demand while causing relative ischaemia 
due to reduced time spent in diastole. This effect is 
most prominent in the subendocardium, and, at least 
in the setting of congestive cardiomyopathy, may 
possibly result in the observed histological changes of 
subendocardial fibrosis and cellular vacuolisation as 
well as depletion of myocardial energy stores.!? 
Coleman et al induced chronic ventricular tachycar- 
dia in dogs with pacing and noted significant reduc- 
tions in left ventricular function after 2—4 weeks of 
continuous pacing.!^ This effect persisted after the 
cessation of pacing. Total myocardial energy stores 
were also reduced, and this was considered to be 
related to the impaired myocardial function. Myocar- 
dial blood flow was not determined during tachycar- 
dia, and the authors remained uncertain as to the 
cause of the loss of energy stores and impaired 
myocardial function. 

Measurement of coronary blood flow in dogs during 
atrial tachycardia at rates above 180 beats/minute 
has shown a 3496 reducton in flow.!5 The inves- 
tigators concluded that this was related to a reduction 
in aortic pressure and a shortening of diastole. An 
illustration accompanying the report shows the 
haemodynamic changes at the onset of tachycardia, 
accompanied by an electrocardiogram with progres- 
sive ST segment depression, suggesting ischaemia. 

Direct extrapolation of the data from these animal 
studies to humans can only be made with caution and 
reservation. None the less the studies appear to have 
identified a plausible but unconfirmed explanation for 
our findings— namely, relative ischaemia despite 
normal coronary artery anatomy. 

If a reduction in coronary blood flow with resultant 
myocardial ischaemia contributes appreciably to the 
development of cardiac failure in patients with 
tachycardia, then such factors as chronicity of 
tachycardia, rate of tachycardia, anatomical lesions 
causing reduced myocardial blood flow (for example, 
coronary artery disease) or increased myocardial 
oxygen demand (for example, aortic stenosis) and 
lesions causing arterial desaturation (for example, 
right to left shunt) might be expected to augment the 
myocardial depressive effect of tachycardia by accen- 
tuating the ischaemic process. 

Our first case illustrates the effects of chronic 
tachycardia. The arrhythmia had been noted for four 
weeks and, in all likelihood, had been present for 
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longer. Pronounced impairment of left ventricular 
function both during and soon after resolution of the 
tachycardia, with subsequent return to normal after 
two months, suggests a reversible derangement of 
myocardial cellular function related to the tachycar- 
dia. It would seem unlikely that digoxin would 
account -for such a dramatic improvement.!9 
Although resting and exercise cardiac function were 
normal, there was evidence of permanent myocardial 
functional impairment, with a mild increase in dias- 
tolic dimension, and evidence of myocardial fibrosis, 
without inflammation, on biopsy. None the less at the 
time of the most recent echocardiogram left ventricu- 
lar dimensions and overall function had reverted to 
normal. 

In the fourth case frequent prolonged episodes of 
tachycardia had been occurring for five months, 
associated with pronounced systemic arterial oxygen 
desaturation and worsening cardiac failure. Previous 
evaluations showing near normal left ventricular func- 
tion and the coincident clinical deterioration imply a 
detrimental effect of the tachycardia on myocardial 
function. After resolution of the tachycardia there was 
only mild improvement in left ventricular function 
over a nine month period, and an endomyocardial 
biopsy showed focal severe myocardial damage. Sys- 
temic arterial oxygen desaturation in association with 
tachycardia may have resulted in ischaemia, which led 
to the observed histological changes, and permanent 
impairment of myocardial function. Despite the his- 
tological appearance there was a further improvement 
in overall left ventricular function with an increase in 
ejection fraction to approximately 40-45%, which 
could reflect a compensatory response from other 
undamaged. areas of the myocardium. 

Cases 2 and 3 illustrate the consequences of 
extremely rapid rates, as are commonly found in 
infants with tachycardia associated with an accessory 
atrioventricular connexion. Left ventricular function 
during sinus rhythm, and in the absence of acidosis, 
was considerably impaired in both but showed a rapid 
improvement within one week of controlling the 
arrhythmia. Whether the immature infant left ventri- 
cle is particularly susceptible to the demands of a 
rapid tachycardia or whether these infants have an 
underlying left ventricular disorder is speculative, but 
are intriguing issues which cannot be answered from 
our observations. 

There are several implications of this study. Firstly, 
chronic or frequent episodes of supraventricular 
tachycardia can have major deleterious effects on left 
ventricular function, which may be asymptomatic and 
transient. Secondly, the effects on left ventricular 
function are not necessarily completely reversible 
after control of the arrhythmia and may result in 
chronic ventricular dysfunction. Thirdly, patients 
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with systemic arterial oxygen desaturation and 
tachyarrhythmias should be treated promptly to avoid 
permanent severe myocardial damage. Finally, .cur- 
rent knowledge is insufficient to explain the mechan- 
isms of tachycardia induced impairment of left ven- 
tricular function and the relation between the biopsy 
findings and the arrhythmias. 


This study was supported by a grant from the Insti- 
tute of Cardiovascular Research, Brisbane, Australia. 
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Disopyramide induced second and third degree 
atrioventricular block in patients with bifascicular 
block . 

An acute stress test to predict atrioventricular block 
progression 
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SUMMARY Syncopal attacks in patients with bifascicular block. may be due to both ventricular 
tachyarrhythmias and intermittent atrioventricular block in addition to non-cardiac causes and lead 
to antiarrhythmic treatment with drugs or pacemaker or both. The acute electrophysiological effect 
of intravenous disopyramide 2 mg/kg body weight given over five minutes on the His-Purkinje 
system was assessed in 27 patients with chronic bifascicular block undergoing evaluation for perma- 
nent pacemaker treatment. The predictive value of this pharmacological stress test as regards the 
development of atrioventricular block during follow up was analysed. The HV interval increased 
(mean 4396) and the QRS duration was prolonged (mean 2496). Intrahisian or infrahisian second or 
third degree atrioventricular block occurred in 14 patients after disopyramide administration, 
requiring temporary pacing in four of them. Before the electrophysiological study 15 of the 27 
patients had had at least two syncopal attacks of suspected cardiac origin but no evidence of second 
or third degree atrioventricular block. Second or third degree atrioventricular block was subse- ` 
quently recorded in five of these 15 patients during a mean of two years follow up. The sensitivity, 
specificity, and predictive value of second or third degree atrioventricular block produced by dis- 
opyramide administration including subsequent atrial pacing—a positive disopyramide test—as 
regards later development of atrioventricular block were 80%, 90%, and 80% respectively. 

Intravenous administration of disopyramide to patients with bifascicular block and syncopal 
attacks of suspected cardiac origin may provoke atrioventricular block and asystole requiring 
immediate temporary pacing. Furthermore, a positive-disopyramide test seems to have a significant 
value in predicting the later development of atrioventricular block. 


Bifascicular block (left bundle branch block and right 
bundle branch block with left anterior or left posterior 
fascicular block) is associated with an appreciable risk 
of both ventricular tachyarrhythmias and second and 
third degree atrioventricular block. ? 
Disopyramide is a widely used antiarrhythmic drug 
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with class I and class III properties (Vaughan Wil- 
liams classification*) with a documented effect on ven- 
tricular arrhythmias.’ The safety of intravenous dis- 
opyramide infusion in patients with bundle branch 
block, including those with pronounced infranodal 
conduction delay, has been claimed.9 No other similar 
study has to our knowledge been published. Atrioven- 
tricular block progression has on the other hand been 
reported in one patient with bifascicular block given 
long term oral treatment with disopyramide." 

The purpose of this study was to investigate the 
short term effect and the potential value in predicting 
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Table 1 Clinical and electrophysiological data оп 27 patients with bifascicular block receiving intravenous disopyramide as an acute stress test 








Case — Agelsex Cardio- Cardio- BFB Electrophysiological study Follow up 
No vascular megaly $ — —— 
x disease Basal state Disopyramide 
HV Split HV PPP AP VP DT Duration AVB РМ Syncope Outcome 
(ms) H wave - (ms) (mnth) 
Group 1 
1 74M HT = RBBB+LAFB 100 — 125 -. = + + 21 + + - 
2 55M X AMI (1 moth) + RBBB+LAFB 60 + Bem xoc + 23 = S Died 
3 72F = - RBBB+LAFB 80 + 80 + 0 0 + 21 = + + Died 
4 74M — + LBBB 30 — 45 - — = + 36 - + = 
5 77M CHF, HT + LBBB 65 — 0 + 0 0 + 42 + + = 
6 77M AMI (2 wk) - RBBB+LAFB 50 + 65 — - - — 1 = + + Died 
7 60M AMI (3 wk) + RBBB+LAFB 50 - 125 + - - + 22 - + = 
8 73F AMI(imnth) + RBBB+LPFB 25 — 35 - = - - 5 - + - Died 
9 81M - - RBBB+LAFB 45 – 60 — + - + 1 - + - 
Group 2 
10 71M -= + RBBB+LAFB 50 – 100 — - ~ T 26 - -= + Died 
11 68M - - RBBB+LAFB 70 - 95 - > - = 31 + + - 
12 83M = 0 RBBB+LAFB 45 - 75 - - - + 26 - + - 
13 53M - - RBBB+LAFB 45 — 50 - + + + 4 + + - 
14 53M HT — LBBB 95 — 160 + + 0 + 52 + + - 
15 77M DM = RBBB+LAFB 45 `+ 90 - - + + 7 - + - 
16 59M HT — RBBB+LAFB 55 — 70 - + - + 41 + + - 
717 70м = - RBBB+LAFB 30 - 55 — us T + 24 — + - 
18 62M - - RBBB+LAFB 45 — 60 — - + + 7 - + - 
чә өм - E RBBB+LAFB 55 — Wore Сеш NS 9 Bo. ecd 
20 74Е — - RBBB+LAFB 45 — 75 + - - + 64 + + - , 
21 70M CHF = LBBB 95 -= 105 + — - + 12 - + = Died 
22 79M - + RBBB+LAFB 50 — 80 - - - + 20 - + - Died 
23 70M AMI (5 yr) - RBBB+LAFB 450 =. * 65 - - - E 12 = = = Died 
24 71M HT - RBBB+LAFB 50 + 55 — - =- >= 3 - - ~ 
Group 3 
25 70M AMI(l1mnth) — RBBB+LAFB 30 - 50 – == XS р 50 - - - 
26 52M AMI(5mnth) — RBBB+LAFB 50 - 60 – zum. I 53 = MES 
27 40M AMI(1mnth) + RBBB+LAFB 30 — 40 - HD wmv 12 di: 
Mean 53 76 24-6 
Капре 30—100 35—160 





Group 1, previously documented second/third degree AV block; group 2, syncopal attacks; group 3, neither syncopal attacks nor previously documented AV 
block; +, present; —, absent; 0, information not obtained. WP | 
BFB, bifascicular block; RBBB, right bundle branch block; LBBB, left bundle branch block; LAFB, left anterior fascicular block; HV, HV interval; PPP, 
pure pharmacological provocation; AP, atrial pacing; VP, ventricular pacing; DT, disopyramide test; AVB, atrioventricular block; AMI, acute myocardial 
infarction; HT, hypertension; PM, permanent pacemaker treatment; DM, diabetes mellitus; CHF, congestive heart failure. 
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- 


the development of atrioventricular block of dis- 
opyramide given during an invasive electro- 
physiological study of patients with permanent bifas- 
cicular block undergoing evaluation for implantation 
of a permanent pacemaker. 


Patients and methods 


STUDY GROUP (TABLE 1) 
The study population consisted of 27 patients (24 
men and three women; mean age of 68 (range 40—83; 
median 70) years) referred to our department for 
evaluation of the indications for permanent 
pacemaker treatment or admitted to our coronary care 
unit with a suspected acute myocardial infarction. 
Group 1—Nine patients had documented second or 
third degree atrioventricular block, either during the 
acute phase of a myocardial infarction (four patients, 
cases 2, 6, 7, and 8), or during treatment with digitalis 


or a beta blocking drug (cases 1 and 9), or occurring 
spontaneously (cases 3, 4, and 5). 

Group 2—Fifteen patients had chronic bifascicular 
block and at least two episodes of syncope of sus- 
pected cardiac origin. À complete history and physical 
examination supplemented by an electroencephalo- 
gram, orthostatic test, and other investigative proce- 
dures failed to explain the syncopal attack. Further- 
more, at least 24 hours of electrocardiographic record- 
ing and exercise tests had not provided evidence of 
arrhythmias sufficient to explain the syncopal 
attacks—that is, no second or third degree atrioven- 
tricular block or advanced ventricular arrhythmias. 

Group 3—Bifascicular block developed in three 
patients with an acute myocardial infarction. None of 
them had a history of syncope or previously 
documented second or third degree atrioventricular 
block. 

The investigation protocol was approved by the 
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medical ethics committee of the hospital and the 
patients gave their informed consent. ` 


DEFINITIONS 
Bifascicular block is defined here as left bundle 
branch block? or right bundle branch block? with left 
axis deviation (—30? to —90°) indicating the presence 
of left anterior fascicular block, or right axis deviation 
(110? to +180° degrees) indicating the presence of 
left posterior fascicular block. Terms and definitions 
relating to cardiac rhythm follow the recommenda- 
tions by Hecht et al? and Robles de Medina et al. 1° 

The electrophysiological study was performed with 
the patient fasting and unsedated, and treatment with 
cardioactive drugs was withheld for more than five 
half lives before the investigation. Three pacing leads 
with a distance of 1 cm between the electrodes were 
introduced percutaneously under local anaesthesia via 
a femoral vein. One quadripolar lead was positioned 
against the lateral wall, high in the right atrium for 
stimulation and recording. А tripolar lead was placed 
across the tricuspid valve for registration of the His 
bundle potential, and a bipolar lead was placed in the 
right ventricular apex for safety reasons. The 
intracardiac electrogram and at least surface leads I, 
П, and Vl were recorded on a Mingograph 
(Siemens-Elema, Sweden) with frequency limits of 50 
and 700 Hz at a paper speed of 100 mm/s. Pacing was 
performed with a stimulus duration of 2 ms and a 
voltage of about three times the stimulation threshold 
using a stimulator for programmed pacing (Devices 
Ltd, England). | 

The HV interval was measured from the first rapid 
phase of ће H wave to.the earliest ventricular activity 
in any lead. The QRS duration was measured in lead 
II. The HV interval and QRS duration were given as 
the mean of at least three complexes rounded off to 
the nearest 5 ms. Atrial pacing was performed to 
determine sinus node recovery times, the atrial rate 
inducing Wenckebach block, and the atrioventricular 
nodal refractory period as previously described.!! 
Right ventricular pacing (see below) was performed at 
rates of 100 and 130 impulses per minute for periods 
of 10 and 30 seconds. 


DISOPYRAMIDE TEST 

Disopyramide (Roussel Laboratories Ltd, England) 
2 mg per kg body weight (without upper dose limit) 
was given intravenously over five minutes. The dura- 
tion of the HV and QRS intervals was measured 
within five minutes of the end of the infusion. 

In this study a disopyramide test was considered to 
be positive in four circumstances. Firstly, the test was 
positive if second or third degree atrioventricular 
block appeared after disopyramide administration 
without any other interference of the spontaneous 
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heart rate (pure pharmacological provocation). Sec- 
ondly, the test was positive if second or third degree 


. atrioventricular block, intraHis ог infraHis, appeared 


during atrial pacing subsequent to the disopyramide 
administration. !2 Thirdly, the test was positive if sec- 
ond or third degree atrioventricular block, intraHis or 
infraHis, appeared after abruptly terminated ven- 
tricular pacing subsequent to disopyramide adminis- 
tration. The reason for using right ventricular pacing 
as a stress test was the observation during the elec- 
trophysiological study of one of the first investigated 
patients (case 13). After disopyramide injection he 
developed complete infraHis heart block immediately 
after a spontaneous ventricular extrasystole and sub- 
sequently, and in a reproducible manner, after short 
periods of ventricular pacing. Finally, we also anal- 
ysed the value of the HV prolongation induced by 
disopyramide administration. According to previous 
results the expected prolongation would be on average 
20% after the same dosage. We arbitrarily chose a 
50% prolongation as the lower limit for a potential 
predictor. 


FOLLOW UP 

During follow up the patients were seen three to four 
times a year, their history assessed, and a standard 
electrocardiogram recorded. When necessary the 
pulse generator was set low to elucidate the underly- 
ing spontaneous heart rhythm. 


STATISTICAL METHODS 

Mean values of electrophysiological variables, follow 
up duration, and number of available electrocardio- 
graphic recordings were given as arithmetic means or 
medians or both as indicated. Student's t test for 
paired observations was used for comparison of HV 
and QRS intervals before and after disopyramide 
administration. The predictive values of the different 
test variables in relation to the occurrence of second or 
third degree atrioventricular block were expressed as 
sensitivity, specificity, and predictive value of a posi- 
tive test according to Galen and Gambino.!? Fisher's 
exact test was used to test the result of. 
the disopyramide test and the disopyramide test com- 
bined with an HV interval of 270 ms in the basal state 
in relation to the later development of second and 
third degree atrioventricular block. 


Results 


At the beginning of the electrophysiological study all 
patients had 1:1 conducted sinus rhythm except one 
(case 5), who had second degree atrioventricular 
biock. 

The His-Purkinje conduction time was significantly 
prolonged, with a mean increase of the HV interval of 
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4396 (p « 0-001). Two distinct His potentials were 
recorded in five patients: the H,H, interval increased 
in three (case 2: 90 ms, case 15: 35 ms, case 24: 10 
ms), did not change in one (case 6), and could not be 
measured in one (case 3) because of complete heart 
block. In 10 patients the HV prolongation produced 
by disopyramide was 5096 or more (Table 1). The 
QRS duration was prolonged by a mean of 24% 
(p « 0-001). 


SECOND AND THIRD DEGREE 
ATRIOVENTRICULAR BLOCK AFTER 
DISOPYRAMIDE (TABLE 1) 

The disopyramide administration induced intrahisian 
or infrahisian second (cases 1, 2, 7, 9, 14, 15, 16, 17, 
18, and 21) or third (cases 3, 5, 13, and 20) degree 
atrioventricular block in a total of 14 patients. There 
was no significant difference in types of bifascicular 
block. 

Group 1—Of the nine patients, six (67%) developed 
atrioventricular block after disopyramide injection, 
three from pure pharmacological provocation, two 
from subsequent atrial pacing, and one after ventricu- 
lar pacing. Of the other three patients, two had had a 
myocardial infarction. One patient (case 6) had 
an anterolateral wall infarction two weeks before the 


` investigation and complete heart block after ver- 


apamil treatment for rapid atrial fibrillation. The 
other patient (case 8) had an infarction of the inferior 
wall, with involvement of the anterior and lateral 
parts of the left ventricular wall one month before the 
study. 

Group 2—Disopyramide induced atrioventricular 
block by pure pharmacological provocation in three 
patients, by atrial pacing in two (plus one of the 
previous three), and after ventricular pacing in three 
(plus one of the two resulting only after atrial pacing). 

Group 3—Disopyramide did not induce any 
atrioventricular block. 

In four (cases 5, 7, 13, and 20) of the 14 patients 
with disopyramide induced second and third degree 
atrioventricular block, prolonged  asystole or 
haemodynamically inadequate heart rate required 
temporary ventricular pacing. Adequate spontaneous 
heart rate resumed within less than one hour. Two of 
these four patients had no evidence of myocardial or 
valvar disease. А transient episode of hypotension 
occurred in one patient (case 7). No other adverse 
effects were observed. 


FOLLOW UP 

The patients were followed for a mean of 24 months, 
during which time eight died, all but one from cardio- 
vascular causes. Ventricular fibrillation occurred in 
one case of hospital death (case 6). Syncopal attacks 
during follow up occurred in three patients, one of 


whom died of an acute myocardial infarction and the 
others of a stroke. 

The patients were seen a mean of 11 times and an 
electrocardiogram recorded 2-25 times (median 12 
available recordings). 

Second or third degree atrioventricular block was 
recorded in two of the nine patients in group 1 during 
follow up. In five (four of 11 with right bundle branch 
block with left anterior fascicular block and one of 
two with left bundle branch block) of the 15 patients 
in group 2 second or third degree atrioventricular 
block occurred 3-38 months after the electro- 
physiological study. In none of the three patients in 
group 3 was second or third degree atrioventricular 
block recorded during follow up. 


PREDICTION OF ATRIOVENTRICULAR BLOCK 
PROGRESSION (TABLE 2) 

The results of possible prognostic variables and 
tests—that is, the presence of an HV prolongation to 
2:70 ms in the basal state and a positive disopyramide 
test—were related to the occurrence of second or third 
degree atrioventricular block. 

Ап HV interval of 270 ms in the basal state was 
seen in five patients, two in group 1 and three in 
group 2. This finding was a specific (90-92%) but 
insensitive (29-40%) indicator of previous or subse- 
quent occurrence of atrioventricular block. 

The results of the disopyramide test are given sepa- 
rately for the three groups. In this analysis the three 
different groups served different purposes. Group 1 
gave an indication of the sensitivity and group 3 of the 
specificity of the disopyramide test. Group 2 was then 
used to define the prognostic or predictive values. 

In group 1 a comparison was made with the 
episodes of atrioventricular block that were recorded 
before the electrophysiological study. As by definition 
all these patients had had transient second or third 
degree atrioventricular block this comparison gave an 
indication of the sensitivity of the disopyramide pro- 
vocation. Seven out of nine patients had a positive 
test, which gave a sensitivity of 78%. 

Group 3 on the other hand indicated the specificity 
of the disopyramide provocation as the patients had 
neither a history nor symptoms of second or third 
degree atrioventricular block. One of these three 
patients had an HV prolongation of more than 50% 
after disopyramide; otherwise the disopyramide test 
was negative. Atrioventricular block was not recorded 
in these patients during 12, 50, and 53 months of 
follow up. 

Group 2 comprised patients in whom a test like the 
disopyramide provocation would probably have its 
clinical applicability in the future—that is, as a prog- 
nostic test. Initially, the disopyramide test was tenta- 
tively considered to be positive in four circumstances. 
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Table 2 Prognostic value of different physiological variables and tests in determining previous (, group 1) and subsequent (group 2) evidence of 

second (third degree atrioventricular block з 
7 








Sensitivity (%) Specificity (96) Predictive value (95) 
of positive test 
Groups Group 2 Groups Group 2 Groups Group 2 
1,2, and 3 1,2,a 1,2,a 
HV interval 270 ms (basal state) 29 40 92 90 80 67 
Disopyramide test (DT) and: 
Pure pharmacological provocation 
(PPP 43 40 85 90 50 67 
PPP and atrial pacing (AP) 64 80* 92 90* 90 80* 
PPP, AP, and ventricular pacing 71 80 69 60 71 50 
Change in HV interval.z-5096 29 40 54 50 40 29 
DT, PPP/AP, or HV =70 ms 
(basal state) or all — 100** — 90** — 83** 


*p — 0-017; **p — 0-002 (Fisher's exact one tailed test). 


Table 2 shows that the result of ventricular pacing and 
an HV prolongation of 250% after disopyramide 
injection both had poor sensitivity and specificity for 
the occurrence of second or third degree atrioven- 
tricular block. If, however, a positive disopyramide 
test was defined as second or third degree atrioven- 
tricular block occurring with pure pharmacological 
provocation and after subsequent atrial pacing the 
prognostic value of the test is greatly improved— 
namely sensitivity 8096, specificity 9096, and predic- 
tive value of a positive test 8096. 


The best predictive value was, however, obtained if 


an HV prolongation to 70 ms in the basal state and a 
positive disopyramide test were combined. In our 
group of patients this latter combination gave a sen- 
sitivity of 10096, a specificity of 9096, and a predictive 
value of a positive test of 8396. 


Discussion 


SHORT TERM EFFECT OF DISOPYRAMIDE 

Contrary to previous experience we thus found 
that the intravenous administration of disopyramide 
2 mg/kg body weight can induce second and third 
degree atrioventricular block in patients with bifas- 
cicular block. In the study by Desai et al patients with 
a recent acute myocardial infarction and patients with 
evidence of second or third degree atrioventricular 
* ‘block were excluded.$ Sixteen of their 22 patients had 
bifascicular block and.six right bundle branch block. 
The disopyramiide dose was the same, but the infusion 
rate was seven minutes in their study and five minutes 
in ours, the difference probably being of little impor- 
tance. À point of utmost importance is the presence of 
cardiogenic syncopal attacks, which could either be 
attributed to ventricular tachyarrhythmias or inter- 
mittent second or third degree atrioventricular block. 
In the report by Desai et al the presence or absence of 
syncopal attacks was not stated.5 Assuming that none 


of their patients had had syncopal attacks, their group 
of patients would be comparable to our group 3, and 
then no discrepancy in results would exist. It is, how- 
ever, the patients with syncopal attacks who require 
most diagnostic and therapeutic consideration. 

In two recent reports of patients with bifascicular 
block and syncope of uncertain origin the ability of 
subsequently performed programmed stimulation to 
induce ventricular tachycardias has been taken as evi- 
dence for their causative role.!*!5 Our study protocol 
did not include programmed stimulation for the 
routine provocation of ventricular tachyarrhythmias, 
but it was performed in one patient (case 19). In this 
patient, non-sustained ventricular tachycardias could 
be induced in the right ventricular outflow tract 
before, but not after, disopyramide administration. 
As the disopyramide was well tolerated and the elec- 
trophysiological study was otherwise normal, this 
patient was subsequently prescribed oral dis- 
opyramide. He has been free of symptoms during fol- 
low up. As regards the other patients, the absence of 
recurrent syncopal attacks in most cases indicated the 
absence also of ventricular tachycardias, although it 
cannot be excluded that this arrhythmia was the cause 
of the previous syncopal attacks and that spontaneous 
remission had occurred. 


ATRIOVENTRICULAR BLOCK PROGRESSION IN 
PATIENTS WITH BIFASCICULAR BLOCK 
The prevalence of bifascicular block is 1—1-5% in the 
adult роршайоп,2!6-18 but the yearly incidence of 
atrioventricular block progression is only 1—4%.!-3 
No clinical or standard electrocardiographic features 
have been found to predict progress to second or third 
degree atrioventricular block. 19 

Three principally different electrophysiological fac- 
tors of prognostic value have previously been 
identified: (a) an HV prolongation in the basal 
State! ? (b) second or third degree atrioventricular 
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-block in the His-Purkinje system during atrial pac- 
ing,!? and (c) pharmacological provocation of 
atrioventricular block with procainamide?® and 
ajmaline.?! 

The reason for choosing disopyramide in this study 
was that it has both class I antiarrhythmic properties, 
like procainamide and ajmaline, and also class III 
properties and anticholinergic effects. Our 
hypothesis was that latent His-Purkinje disturbances 
could be provoked (a) by the class I and III anti- 
arrhythmic effects and (b) by atrially paced impulses 
reaching the distal conduction system at higher rates 
as vagally depressed atrioventricular nodal conduction 
would be counteracted by the anticholinergic effect. 
Disopyramide would thus provide an opportunity to 
combine the principles (b) and (c) in the previous 
paragraph. 

The occurrence of second and third degree 
intrahisian or infrahisian atrioventricular block 


during disopyramide administration may be a provo- . 


cation of intermittent atrioventricular block, an 
unmasking of a latent predisposition for atrioventricu- 
lar block, or an adverse reaction to the drug that is 
unrelated to prognosis. The critical factor for evaluat- 
ing the prognostic importance of such a reaction is of 
course the outcome during follow up. The patients 
were followed with repeated standard electrocardio- 
graphic recordings. This method has, however, obvi- 
ous limitations in evaluating prognostic tests for the 
development of atrioventricular block. Jensen et al 
found that more than 5096 of patients with third 
degree atrioventricular block and syncopal attacks 
had intermittent atrioventricular block and about 7596 
of the patients in the group with intermittent 
atrioventricular block had bifascicular block during 
sinus rhythm.?? It is therefore possible that we were 
not able to detect intermittent atrioventricular block 
in some patients. But even with this reservation, we 
found the disopyramide test to be of potential value in 
predicting atrioventricular block progression 
(Table 2). In our limited group of patients the predic- 
tive value of the disopyramide test clearly exceeded 
the values reported concerning other predictors such 
as HV prolongation in the basal state,!~3 intrahisian 
or infrahisian atrioventricular block during atrial pac- 
ing,!? which did not occur in any of our patients, and 
the value of the ajmaline test.?! The validity of the 
results of the disopyramide test must, however be 
evaluated in a prospective study of a larger group of 
patients. The use of a bradycardia indicating 
pacemaker?324 would then offer a safe and sensitive 
method for detecting clinically significant permanent 
or intermittent bradycardias due to atrioventricular 
block. 

If we analyse the results in the group of patients 
with a previous acute myocardial infarction the diso- 
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pyramide test seems to have a limited value. The 
number of patients is, however, small, and the inter- 
val between the infarction and the electrophysiologi- 
cal study differs. Two patients (cases 2 and 7) with a 
false positive disopyramide test as regards later 
atrioventricular block development were studied 
three weeks and one month after the infarction, which 
may be too early. 


ADVERSE EFFECTS 

An adverse effect of disopyramide administration was 
seen in one patient. He had before the study had a 
massive anterior myocardial infarction and was mobil- 
ised but not haemodynamically entirely stabilised. 
This patient was one of the four who required tem- 
porary pacing. The pronounced but transient fall in 
blood pressure was probably due to a combination of 
inadequate heart rate and impaired ventricular per- 
formance which was further depressed by the negative 
inotropic effect of disopyramide.?5 


CONCLUSION 

The acute intravenous administration of diso- 
pyramide to patients with bifascicular block may 
induce second and third degree atrioventricular block 
both in patients with previously documented transient 
second or third degree atrioventricular block and in 
patients with a history of syncope of suspected cardiac 
origin. Furthermore, this procedure can be used as a 
stress test of the His-Purkinje conduction system in 
the latter group of patients and seems to have a poten- 
tial value in predicting subsequent development of 
second or third degree AV block. 


This study was supported by grants from the Swedish 
National Association against Heart and Chest Dis- 
eases, and the Osterman Foundation. 
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When a patient comes to you with 
a pulled muscle, 
maybe you should recommend Flora. 


Perhaps the best time to start your patients thinking more 
seriously about their health is when they come to you with some 
more routine complaint. 
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It is now widely accepted that changes in diet and lifestyle 
can dramatically decrease the risk of Coronary Heart Disease 
developing. 

Sothe best time to recommend Flora is before, not after, any 

symptoms of CHD present themselves. 

Flora is high in essential aJ fats (cis-cis 
linoleic), because it is made with pure sun- 


flower oil. = 

Whenever an opportunity arises to ©. A 
recommend ways in which your patients * 
could reduce the CHD risk factors, 


recommend they change to Flora, too. 
Flora. High in essential polyunsaturates. ~s 


For further information, please contact: The Flora Project for Heart Disease Prevention, 25 North Row, London WIR 2BY. Telephone: 01-408 2332 
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New guidelines for training in adult cardiovascular 


disease 


Guidelines 


Adult cardiology 


GENERAL PROFESSIONAL TRAINING 

Three years general medical training. Specialisation in 
cardiovascular medicine without an adequate period 
of general medical training is discouraged. Research 
experience may be appropriate before beginning 
higher specialist training. 


HIGHER SPECIALIST TRAINING 
The increasing need for cardiological expertise in the 
district general hospital (DGH) coupled with other 
factors such as the decreasing reliance on cardiac 
catheterisation have rendered the separate senior 
registrar training programmes for physician- 
cardiologists in the DGH and for cardiologists in the 
specialist centre inappropriate. They are now replaced 
by a single training programme for the spectrum of 
existing consultant posts in cardiovascular medicine 
and cardiology. 

Overlap of and variation in the components of the 


‘training programme must be allowed in the interests 


of flexibility and in order to cater for the talented 
individual with unorthodox experience and 
approaches. For example, obligatory cardiology and 
general (internal) medicine (G(I)M) training may be 
undertaken simultaneously provided that.the overall 
amount of training is as specified below. The circum- 
stances and requirements of individual departments 
and hospitals will be taken into account and, as usual, 
ad personam approval will be considered for special 
cases. ' 

(i) Obligatory cardiology training—Of the four years 
required for specialist training, at least two years 
should be spent in active clinical participation as 
senior registrar in a specialist cardiac centre, includ- 
ing at least one year in a centre with cardiac surgery. 
During this time the specialist training should be 
based on clinical experience in general cardiology 


(inpatient and outpatient care), and should include 
training in cardiac catheterisation and angiography, 
echocardiography, ambulatory monitoring, cardiac 
pacemaking, exercise stress testing, nuclear cardiol- 
ogy, acute coronary care, and the care of patients 
before and after cardiac surgery. 

(й) Obligatory G(I)M training—One year or its 
equivalent should be spent in a post approved for 
higher medical training in general medicine. 

(iii) Fourth year—A further year of this higher med- 
ical training programme should not be spent under- 
taking service cardiology but should offer the oppor- 
tunity for experience in one or more related fields 
which is of benefit to the trainee wishing to practise 
general and cardiovascular medicine, eg general 
medicine, hypertension, pharmacology, epidemiol- 
ogy, cardiac rehabilitation, cardiovascular research. 
Up to one year of this experience would be eligible for 
retrospective accreditation, whereas the obligatory 
training requirements listed in (1) and (ii) above would 
normally be after appointment as senior registrar. 

(tv) The senior registrar training programme must 
include adequate opportunity for research. 

(v) The senior registrar training must include a reg- 
ular teaching commitment. 


Paediatric cardiology 


GENERAL PROFESSIONAL TRAINING 

Should include six months neonatal paediatrics, six 
months in general paediatrics, and one year in adult or 
paediatric cardiology. 


HIGHER PROFESSIONAL TRAINING 

Obligatory experience: four years in approved train- 
ing in paediatric and adult cardiology progressing 
towards full specialisation in paediatric cardiology. 


Document JCHMT 5/84 (July 1984) 


335 


336 
Comments 


The specialist advisory committee in cardiovascular 
disease has recently reviewed the guidelines for 
specialist training in cardiology. New guidelines have 
been drawn up over the last two years with the agree- 
ment of the British Cardiac Society and its council, 
the cardiology committee of the Royal College of 
Physicians, and the specialist advisory committee in 
general internal medicine. We here briefly outline the 
functions of the specialist advisory committee and 
summarise the reasons for the change. 


The JCHMT and the SAC 


The Joint Committee on Higher Medical Training 
(JCHMT) is responsible for formulating guidelines 
for training in the medical specialties, approving posts 
and training programmes, and granting accreditation. 
Posts are approved as suitable for specialist higher 
medical training by the Specialist Advisory Commit- 
tee (SAC) after considering the reports of visitors and 
are periodically reviewed. On appointment to an 
approved senior registrar post an incumbent should 
apply to the Joint Committee, c/o The Royal College 
of Physicians, London, for enrolment in the relevant 
specialties, using forms available from postgraduate 
deans. Adequacy of general professional training and 
the possibility of retrospective recognition of accredit- 
able specialist experience will then be assessed. After 
completion of the training programme of higher med- 
ical training, the senior registrar should apply to the 
Joint Committee for accreditation, using forms like- 
wise available from postgraduate deans. 


Reasons for change 


The old guidelines recognised two different types of 
cardiologist—neatly, if invidiously, labelled as types 
А and B—the former in a specialist centre with car- 
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diac catheter facilities and cardiac surgery, the latter 
in the district general hospital. 

The practice of the specialty has changed consider- 
ably. Technological developments have brought 
much of modern diagnostic cardiology within the 
capabilities of the district general hospital, where the 
prevalence and nature of cardiac problems and the 
extent to which they have become amenable to treat- 
ment have brought a need for cardiological expertise. 
These same developments have generated a workload 
and subspecialisation in cardiology at regional centres 
which have tended to separate the specialty from gen- 
eral medicine. А byproduct has been loss of flexibil- 
ity, with a mismatch between trained senior registrars 
and available consultant posts. 

Present patterns of practice require the appoint- 
ment of consultants with cardiological expertise to 
district general hospitals, where they must usually 
also act as general physicians. Cardiologists in reg- 
ional centres must likewise be well versed in general 
medicine. Many cardiologist/physicians at district 
general hospitals now in fact retain cardiology sessions 
at their regional centre, while the extent to which the 
cardiologists at the regional centre practise general 
medicine and participate actively in cardiac investiga- 
tion varies with local practice, preference, and senior- 
ity. The senior registrar should accordingly be trained 
for a spectrum of cardiological posts in which to 
develop his/her special interest as appropriate. 


A H Henderson, Chairman 
M C Petch, Secretary 
(Specialist Advisory Committee) 
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А complicated case of mitral valve disease 


STEPHEN E JAMES,* ROXANE McKAY,t DONALD N ROSS 


From the Middlesex Hospital, London 


SUMMARY À patient with rheumatic mitral stenosis and previous cerebral embolism had a myocar- 
dial infarction during cardiac catheterisation. She later developed severe mitral regurgitation one 
year after open valvotomy and at valve replacement was found to have a papillary tumour of the 
mitral valve. Unexplained low cardiac output occurred four days after operation. Postmortem 
examination showed thrombotic occlusion of the xenograft prosthesis, a complication not previously 
seen with tissue valves. Both of these rare events were suggested by the patient's clinical course and 
could have been diagnosed with cross sectional echocardiography. 


Symptoms of mitral stenosis may be identical to those 
of left atrial myxoma, and both lesions may coexist,! 
but the clinical importance of the more rare papillary 
tumour of the heart? and its relation to these two 
conditions is less well defined. In the present report, a 
mitral valve papillay tumour (or giant Lamdl's 
excrescence) may have caused many complications 
attributed to the patient's rheumatic mitral stenosis. 
In addition, the early postoperative occlusion of a 
xenograft prosthesis is reported. 


Case report 


А 57 year old woman was referred for cardiac assess- 
ment in November 1979. She had had rheumatic fever 
at 18 years of age, and three pregnancies were compli- 
cated by heart failure. Subsequently, only mild dysp- 
noea occurred on effort, but in 1977 she had a left 
cerebral embolus while in sinus rhythm. 

Physical examination showed signs of predominant 
mitral stenosis with mild mitral and aortic regurgita- 
tion as well as a residual right hemiparesis. An elec- 
trocardiogram confirmed sinus rhythm and left atrial 
enlargement, while chest x ray films showed a dilated 
left atrium and upper lobe blood diversion. At cardiac 
catheterisation, there was a resting gradient of 10 mm 
Hg across the mitral valve and a pulmonary artery 


Requests for reprints to Mr D N Ross, Middlesex Hospital, 
Mortimer Street, London WIN 8AA. 


Present addresses: *Department of Orthopaedic Surgery, Princess Margaret 
Hospital, Swindon, Wiltshire; {The Royal Liverpool Children's Hospital, 
Myrtle Street, Liverpool L7 7DG. 


pressure of 50/24 mm Hg. Angiography detected 
slight mitral and aortic regurgitation, good left ven- 
tricular function, and normal coronary arteries. 
Several minutes after completion of the catheter 
study, the patient experienced chest pain and 
bradycardia. Changes of inferolateral ischaemia on the 
electrocardiogram evolved, and myocardial necrosis 
was confirmed by an increase in serum creatine phos- 
phokinase activity from 74 to 1679 ОЛ. Review of 
events at catheterisation suggested no obvious cause 
for the myocardial infarction. 

Six months later an open mitral valvotomy was per- 
formed and the left atrial appendage amputated. The 
valve was mobile, without calcification, and remained 
competent after the commissures were opened to a 
diameter of 4-5 cm. There was no clot in the left 
atrium, but the apex of the heart was thin and scarred, 
consistent with previous myocardial infarction. The 
patient’s postoperative recovery was complicated by 
multiple episodes of ventricular tachycardia and fibril- 
lation; but, eventually, she was discharged from hos- 
pital in sinus rhythm and without signs of heart 
failure. 

The next 18 months saw gradual deterioration from 
progressive mitral and tricuspid regurgitation, which 
was made worse by the onset of atrial fibrillation. In 
addition to several admissions for ventricular and 
atrial arrhythmias, she required admission to hospital 
for pneumonia, pulmonary embolus, and eventually 
severe congestive heart failure. Reinvestigation in 
October 1981 showed moderate restenosis of the 
mitral valve, which was now severely regurgitant. The 
anterior leaflet appeared mobile on cross sectional 
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Fig. 1 (a) Lateral view of left 
ventricular angiogram and (b) long axis 
view of echocardiogram showing the mass 
attached to the mitral papillary muscle 
(arrows). Ao, aorta; LV, left ventricle; 








echocardiography, but the posterior leaflet was rigid 
and the left atrium greatly enlarged (Fig. 1). Angiog- 
raphy showed anterior and apical akinesis of the left 
ventricle with abrupt occlusion of the posterior 
descending coronary artery. A thallium perfusion 
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Fig.2 Morphological appearance of the mitral valve removed 

at the second operation. The tumour mass is attached to the 

anterolateral papillary muscle. 


ә LA, left atrium. 


scan showed infarction of both the inferior wall and 
apex, consistent with involvement of two coronary 
arteries. А lung scan was now normal as were coagula- 
tion studies. 

At a second open heart operation in March 1982, 
the mitral valve was replaced with а 25 mm 
Carpentier-Edwards xenograft using continuous 2/0 
monofilament suture reinforced with a strip of Teflon 
felt along the posterior mitral annulus. Tricuspid reg- 
urgitation was repaired by a modified De-Vega 
annuloplasty. In addition to thickening of the mitral 
valve leaflets, a papillomatous jelly-like mass was 
found on the anterolateral papillary muscle (Fig. 2). 
Severe low cardiac output in the immediate post- 
operative period responded to  isoprenaline, 
dopamine. Intermittent mandatory ventilation had 
and by the third postoperative day satisfactory 
haemodynamics were maintained with 5 ug/kg/min of 
dopamine. Intermittent mandatory ventilation had 
been reduced to 4 breaths/min with 40% inspired 
oxygen. Nevertheless, the following day the patient 
again developed insidious low cardiac output. Cardiac 
tamponade was excluded by resternotomy. Despite 
reinstitution of all supportive measures she died five 
days after operation. 

At the coroner's postmortem examination, a large 
thrombus occupied nearly half of the left atrium and 
extended across the orifice of the xenograft prosthesis. 
The major coronary arteries were normal on gross 
examination. Histological examination of the mass 
removed at operation showed the characteristic fea- 
tures of a papillary tumour or giant Lamdl's excres- 
cence. In retrospect, this could be identified on the 
preoperative echocardiogram and left ventricular 
angiogram (Fig. 1). 
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А complicated case of mitral valve disease 
Discussion 


Primary cardiac tumours are rare, the commonest 
being myxomas and papillary tumours of the heart 
valves.? The latter generally have been incidental 
findings at postmortem examination or open heart 
surgery. Because of their predilection for the ventricu- 
lar surface of the semilunar valves and atrial surface of 
the atrioventricular valves, as well as their histological 
similarity то Lamdls excrescence, the papillary 
tumour has been thought to originate from mural 
thrombus.34 Nevertheless, the ultrastructure and his- 
tochemistry are not unlike that of the atrial myxoma,° 
and both single and multiple tumours have been 
found within the left ventricle.*57 

While the aetiology and classification of the papil- 
lary tumour and giant Lamdl’s excrescence remain 
controversial, this case and other recent observations 
indicate they may not be as harmless as previously 
believed. Prolapse into a sinus of Valsalva has obs- 
tructed the right coronary ostium, producing chest 
pain5? and causing sudden death.!° Coronary? !! and 
cerebral emboli!? have been associated with such 
lesions and, in this case, occurred while the patient 
was in sinus rhythm, suggesting the possibility of a 
cardiac tumour. !? 

Like many of the reported cases, this left ventricu- 
lar papillary tumour was found in a patient who had 
undergone previous valvotomy for rheumatic mitral 
stenosis.57 Whether endocardial injury at the time of 
valvotomy provides a nidus for mural thrombus and 
subsequent papillary tumour formation or the 
rheumatic process is associated with these lesions is 
unknown. Alternatively, an undetected abnormality 
of haemostasis may have predisposed to both the for- 
mation of the papillary tumour and thrombosis of the 
mitral valve prosthesis. 

While the risk of late degeneration in 
gluteraldehyde-preserved porcine bioprostheses is 
recognised, low thrombogenicity has made them an 
attractive alternative to mechanical devices for cardiac 
valve replacement. The reported incidence of throm- 
boembolic episodes with the Carpentier-Edwards and 
other mitral xenograft valves ranges from 0961415 to 
about 11% per patient per year,!6 depending, in some 
series, on the patient population and the use of anti- 
coagulation or antiplatelet treatment. Rarely, throm- 
botic stenosis has developed in xenograft valves 
implanted for longer than one month.!? This was 
manifest by systemic emboli,!? prosthetic occlusion, !? 
or signs of prosthetic valve stenosis.?° Such valves had 
acute or organising thrombus in one or more cusps, 
thought to be the result of primary thrombogenicity 
of the valve tissue,” infection,!? or impaired cusp 
mobility from  muscle,?! degeneration,!!!? ог 
haematoma.?? 
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In contrast to late thrombotic complications, early 
thrombus formation does not appear to be related to 
the heterograft tissue. Ап incidental finding in four of 
32 Hancock valves removed within one month of 
insertion,!7 the clot was attached to the prosthetic 
sewing ring or left atrium and in no case obstructed 
the valve orifice. Factors predisposing to early 
thrombus formation were postoperative low cardiac 
output, atrial fibrillation, a Dacron sewing ring in the 
left atrium, and absence of anticoagulation.!? 2023 

All of these factors were present in our patient, who 
developed much more extensive thrombosis than pre- 
viously observed with a xenograft prosthesis. In addi- 
tion, the strip of Teflon felt used to reinforce the 
mitral annulus in the left atrium may have contri- 
buted to clot formation, which almost certainly 
resulted in recurrence of low cardiac output by pro- 
gressive occlusion of the prosthetic orifice. Had this 
complication been suspected, it could have been diag- 
nosed by echocardiography and possibly treated by 
streptokinase infusion or surgical removal. Recogni- 
tion of such a patient at risk of early valve thrombosis 
would be a clear indication for anticoagulation in the 
early postoperative period. 
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Mitral obstruction in bacterial endocarditis 


PROBAL K GHOSH, HYLTON I MILLER, BERNARDO A VIDNE 


From the Departments of Cardiology and Thoracic and Cardiovascular Surgery, Ichilov Hospital, Tel-Aviv Medical 
Center, Tel-Aviv University Sackler School of Medicine, Tel-Aviv, Israel 


SUMMARY Mitral obstruction due to a large vegetation of acute Streptococcus viridans endocarditis 
occurred in a 47 year old man. Serial echocardiography documented the rapid growth of the 
vegetation and its haemodynamic effects. Emergency mitral valve replacement was performed too 


late to reverse the course of fatal septic shock. 


Bacterial endocarditis of the mitral valve usually 
results in mitral regurgitation.!? Since 1967 we have 
been able to trace only seven cases of mitral obstruc- 
tion as a complication of infective endocarditis in 
English language reports.3~° We report the preopera- 
tive diagnosis and the surgical management of this 
rare and lethal lesion. 


Case report 


A 47 year old man was admitted to hospital with a 
pyrexia of 39°C, with chill and rigor, nausea, 
anorexia, and dysuria for two weeks. His symptoms 
had started 24 hours after extraction of a tooth. He 
had treated himself with dipyrone tablets only. His 
hypersensitivity to penicillins was recognised six years 
ago when he was operated on for a lumbar disc lesion. 
He had no history of rheumatic fever. 

Physical examination on admission showed 
cachexia, a blood pressure of 130/80 mm Hg, and 
sinus tachycardia of 130 beats/minute. A grade 3/6 
diastolic rumble and a grade 1/6 systolic murmur were 
heard at the apex. The chest radiograph showed mild 
cardiomegaly with prominence of the right border of 
the heart. The electrocardiogram confirmed sinus 
tachycardia with normal axis. There was polymor- 
phonuclear neutrophilic leucocytosis with a total 
white cell count of 12-0x 109/1. Urine analysis showed 
1-2 white cells and occasional red cells per high power 
field, and the sample was sterile on culture. Blood 
cultures were also sterile. An echocardiogram (Fig. 1) 
showed a mildly stenotic thickened mitral valve with 
minimal regurgitation and an enlarged left atrium. No 
valvar or atrial vegetation was seen. 
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He was initially treated for urinary tract infection 
with gentamycin, which controlled the fever. An 
intravenous pyelogram did not provide any additional 
information. Three weeks later he developed atrial 
fibrillation, when a second echocardiogram was 
recorded. It showed severe mitral obstruction with 
minimal regurgitation due to a huge echogenic mass 2 
cm X 4 cm in size, which nearly occluded the mitral 
orifice. The aortic valve was normal. The left ventricle 
was of normal size and contracted well (Fig. 1). Blood 
cultures at this stage grew Streptococcus viridans. The 
patient developed congestive heart failure. Conserva- 
tive treatment with vancomycin, digoxin, quinidine, 
and frusemide for bacterial endocarditis and cardiac 
failure was started in view of his critical clinical 
condition. Nevertheless, he did not respond to medi- 
cal management and gradually became hypotensive 
and required intubation and mechanical ventilation. 
Ten days later he was referred for cardiac surgery in a 
state of septic shock. 

At operation a large pericardial effusion was noted 
and 4000 ml of straw coloured fluid was drained off 
both pleurae. The heart was enlarged with a very 
tense main pulmonary artery. А large greyish brown 
vegetation 2 cm X 4 cm in size was arising from the 
anterior mitral leaflet and the adjacent left atrial wall 
near the anterolateral commissure and almost 
occluded the mitral orifice (Fig. 2). It was removed, 
and the valve was replaced with a size 31 Bjórk-Shiley 
prosthesis. Postoperatively, the septic shock remained 
uncontrollable despite all measures, and pulmonary 
hypertension contined at 52/35 mm Hg. Renal failure 
supervened from the second postoperative day, and 
he died of septic shock on the fifth day. 


Discussion 
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Fig. 1 


Cross sectional echocardiograms (a) in a four chamber apical view showing enlarged left atrium (LA) and thickened mitral 


leaflets (arrow). No vegetation can be seen. Left ventricle (LV) is of normal size; (b) in a modified four chamber apical view three 
weeks later showing a huge vegetation (veg) occluding the mitral orifice and extending into both the LA and LV 


is very rare and mortality is high. If this case is added 
to the seven reported cases already mentioned only 
three of eight (37-596) patients have survived (Table). 
Of these eight, five underwent mitral valve replace- 
ment. The three survivors$5* were operated on 
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Fig.2 Morphological appearance of resected mitral valve seen 


from above showing huge mass arising from anterior mitral leaflet 
and left atrial wall at anterolateral commissure and nearly 
occluding mitral orifice (arrows). 


promptly after the diagnosis of endocarditic mitral 
obstruction had been made by echocardiography or 
cardiac catheterisation or both. Among the non- 
survivors one patient was operated on in a rapidly 
deteriorating haemodynamic state and with conges- 
tive failure. He died seven days later from septic 
shock and a cerebrovascular accident. Our patient was 
similarly referred in a moribund state to surgery after 
30 days in hospital and too long a trial of conservative 
management. He too succumbed to septic shock five 
days after the operation. Of the three other reported 
cases, one was a necropsy finding in a patient who 
died four months after a normal delivery from a full- 
term pregnancy. The other two who were treated 
conservatively had a very rapid downhill course and 
died after 10 and eight days respectively.* ° 

Cerebrovascular events occurred in four 
patients,’ 57 possibly due to embolism. In another 
patient, who died in coma and renal failure, at nec- 
ropsy bacterial vegetations were also noticed beneath 
all three aortic cusps. 

Echocardiography is important for prompt, accu- 
rate, early diagnosis!" !! since emergency mitral valve 
replacement early in the clinical course may become 
mandatory. It may detect vegetations as small as 2 
mm in diameter. Bacterial vegetations mimicking 
mitral stenosis have been found.'? In an M mode 
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echocardiogram the posterior mitral leaflet is difficult 
to differentiate from an echogenic mass obstructing 
the mitral orifice in later diastole. Nevertheless, dense 
echoes occurring soon after mitral valve opening 
would indicate an obstructing echogenic mass rather 
than valvar mitral stenosis. Left atrial myxoma may 
also resemble this lesion, but then there will be a mass 
of echoes from the body of the left atrium continuous 
with the atrial septum in the cross sectional echocar- 
diogram. A sterile left atrial thrombus is difficult to 
differentiate by echocardiography from an obstruct- 
ing vegetation due to mitral endocarditis, but the clin- 
ical picture of the latter should help in diagnosis. Our 
serial study is unique in showing rapid growth of a 
vegetation so that in three weeks it became a giant 
mass which occluded the mitral orifice. This finding 
has not been previously reported. The cross sectional 
echocardiographic evidence was diagnostic and 
correlated with the operative findings. Nevertheless, 
contrary to our finding, Sheikh et al reported little or 
no change in the echocardiographic size of vegetations 
in 27 patients over a period of six weeks unless 
systemic embolisation occurred. 3 

Two types of vegetations are found in the mitral 
valve: (2) a globular or elongated mass as seen in five 
cases and (6) multiple verrucae occluding the mitral 
orifice as seen in two. The vegetations showed no pre- 
dilection for site in the mitral apparatus. The post- 
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erior leaflet was the site in two patients, whereas the 
anterior leaflet was the primary area in three cases. 
The site of the vegetation was not mentioned in two 
cases. Signs of earlier rheumatic disease were noted in 
six. 

In conclusion, mitral obstruction due to bacterial 
endocarditis is a dangerous complication with a 
rapidly deteriorating course often causing cerebrovas- 
cular accidents. Prompt diagnosis with M mode and 
cross sectional echocardiography alone should lead to 
emergency mitral valve replacement. Mitral valve 
replacement in bacterial endocarditis has usually been 
advocated in congestive heart failure due to mitral 
regurgitation or systemic embolisation.!^ We consider 
that the documentation of the rare possibility of mitral 
obstruction by vegetations should also indicate valve 
replacement early in the clinical course. Cardiac 
catheterisation is unnecessary,!! and may increase the 
risk of embolism. Delayed surgical intervention may 
not be adequate to reverse the course of fatal septic 
Shock. 
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Table Previously reported cases of mitral obstruction in bacterial endocarditis 


Author Agelsex Signs of Echocardiography or cardiac Surgery iecropsy Organism Treatment 
and year rheumatic — catheterisation or both findings 
disease 
Roberts et al? 21/F Present Not done Vegetitions from LA В Haemolytic 
1967 1 led MV orifice streptococcus 
Reeveetal^ 36/М Present Not done Multiple vegetations on Staphylococcus Medical 
1974 AML, aortic cusps aureus 
involved 
Магша ег аіѕ 51/M_ Present Multiple dense mitral echoes; EF slope А large vegetation Staphylococcus МУК (porcine 
1975 less than 10 mm/s; RV e ed; occluding MV orifice aureus xenograft) 
catheterisation confirmed MS; 
severe PH 
Copeland et al6 52/F Present Decreased motion of AML; multiple Multiple obstructive Negative MVR (porcine 
1979 adjacent echoes from LA aspect of vegetations, each 2 mm xenograft) 
AML; catheterisation confirmed MS x E mm; MV orifice 
1-5 cm? 
Alam et ai? 65/F Absent Reduced EF slope; increased mass of Soft brownish globular B Haemolytic МУК (porcine 
1979 echoes in latter 3/4 of diastole behind mass from PML, 4 cm streptococcus xenograft) 
AML; CSE showed obstructing mass in ір diameter 
diastole adherent to MV in systole; no 
fibrous continuity with septum 
Waller et al8 37/M Present Typical MS in M mode echo; Staphylococcus MVR 
1982 catheterisation showed mean diastolic aureus 
mitral gradient of 26 mm Hg 
Grenadier et al?40/M Absent Huge mass 3:5 стх4 cm from PML in Giant globular mass Staphylococcus Medical 
1983 CS and M mode echoes from PML; several aureus 
abscesses in 
myocardium 
Ghosh et al 42/M Present Huge mass 3 cmX4 cm occluding MV; Brown large mass Streptococcus MVR (Bjórk- 
(present report) minimal MR on Doppler sampling; 2 cmx4 cm from AML viridans ЗЬ 
1985 serial documentation of gro ofi mass and LA wall at ALC prosthesis) 
over 3 week period ; 
MV, mitral valve; AML, anterior mitral leaflet; LA, left atrium; PML, posterior mitral leaflet; RV, right ventricle 


sectional echocardiography; MR, mitral regurgitation; MS, mitral stenosis; 


Survived 


Died after 7 
days from 
CVA, 
septic 
shock 

Survived 


ied 
suddenly 
after 8 
days 
Died after 5 
days from 


septic 
shock 


» MVR, mitral valve replacement; CSE, cross 
ALC, anterolateral commissure; PH, pulmonary hypertension. 
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Verapamil in primary pulmonary hypertension 


IVAN MALCIC, DARKO RICHTER 
From the University Children's Hospital RS alata, Zagreb University, Zagreb, Yugoslavia 


SUMMARY An 8 year old girl with primary pulmonary hypertension and signs of heart failure was 
given 17-5 mg of verapamil injected into the pulmonary:artery..over. 25 minutes to test for the 
reversibility of pulmonary arteriolar obstruction. Pulmonary artery pressure fell from 70/50 to 
35/25 mm Hg. Treatment with 40 mg verapamil by mouth four times daily was started, and she was 
discharged. She gradually became, asymptomatic and resumed the activities of a- normal child of 
school age. On recatheterisation seven months later her pulmonary artery pressure was 30/ 


10 mm Hg. She was still doing well 12 months after the start of treatment. 


Primary pulmonary hypertension has a poor prog- 
nosis and is a frustrating problem for the managing 
physician. Calcium antagonists have smooth muscle 
relaxing properties! and well. known systemic vaso- 
dilator and antihypertensive effects.? McMurtry et al. 
showed on a rat lung model that calcium antagonists 


were capable of inhibiting the hypoxic pulmonary ' 


vasoconstriction response.? Patients with primary 
pulmonary hypertension have subsequently been 
treated with these agents with varying degrees of suc- 
cess. 


Case report 


An 8 year old girl was admitted for investigation. of 
palpitation, chest pain, progressive breathlessness, 
-and fatigue. The symptoms had appeared and worse- 
ned during the preceding year. On examination she 
was slightly tachypnoeic and.cyanotic:. Her weight 
was 27-4 kg, height 137 cm. There was a left precor- 
dial lift and a clearly palpable second heart sound over. 
the base of the heart. A grade 2/6 mid systolic mur- 
mur, an early diastolic murmur, and the booming and 
split second heart sound could be heard in the pulmo- 


nary area.;Radiographs indicated an enlarged heart ``. 


shadow with prominent proximal pulmonary vascular 


markings ‘tapering sharply in the periphery. Elec- -- 


trocardiography (Fig. 1) showed right axis deviation. 
(+ 130°), right atrial and right ventricular hypertro- 
phy, and the right ventricular strain pattern. 
Echocardiography showed evidence of an enlarged 
(2 cm) and highly trabeculated right ventricle, thick- 
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Fig. 1 Electrocardiograms before treatment. The tall and 
peaked P wave in leads II and V2 is characteristic of right atrial 
enlargement. The electrical axis is deviated to the right. The signs 
of right ventricular-hypertrophy.are accompanied by inverted-and · 
-deep T waves in V2 and V3 and ST segment depression in V1 to 
- V3 indicating right ventricular strain. 


ening of the interventricular septum (1:5 cm),-and a 
dilated right ventricular outflow tract. The two. 
branches of the main pulmonary artery were widened; 

tlie right.one appeared- tó be wider than the aorta. The 


pulmonary valve produced a very shallow “а” wave, a 
partial systolic closure, and a horizontal diastolic echo 


signs of intracardiac shunting. The liver. was palpable 
‚3 cm, below 'the'zight. costal, margin. The neck veins · 
were distended. We could ‘ot elicit a history suggest- 
ing any. kind.of. peripheral thrombosis or doce: i 
_thromboerhbolism. ` А 
During 'catheterisation she had raised. fight ven- 
dicis and pülmonary artery pressures. The mean 
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movement. Radiocardiography - did not show ‘апу. . 


346 


Malcié, Richter 


Table Haemodynamic data obtained at catheterisation before treatment and immediately after injecting verapamil into the 
pulmonary artery and at recatheterisation after seven months’ oral treatment with verapamil 





Before treatment 


Pulmonary artery pressure (mm Hg) 
Pulmonary vascular resistance (dyn s ст- 5) 
Cardiac index (l/min per m?) 3.29 
Mean right atrial pressure (nm Hg) 8 
Right ventricular systolic/end diastolic 
pressure (mm Hg) 

Heart rate (beats/min) . 110 
Systemic blood pressure (mm Hg) 


Immediately after After seven months’ 
injection fe verapamil oral verapamil 
35/25 30/10 
364-7 226-4 

3.29 4-42 

4 

40/10 25/0 
70 80 
95/60 100/60 





Conversion—kPa = mm Hg/7:5. 


pulmonary artery wedge pressure was 15 mm Hg 
(2 kPa). A total of 17-5 mg verapamil was given over 
25 minutes (2:5, 2:5, 2:5, 5:0, and 5-0 mg at five 
minute intervals) into the pulmonary artery with 
prompt improvement in the haemodynamic indices 
(Table). 

After catheterisation she was given 40 mg ver- 
apamil by mouth four times daily. Over the next few 
months she became asymptomatic and resumed her 
normal activities, which included walking 7 km daily. 
Seven months later she was admitted for recatheter- 
isation. She had no subjective symptoms, cyanosis, or 
precordial lift, and the second heart sound was no 
longer palpable. The diastolic murmur had disap- 
peared, the systolic murmur was of grade 1/6, and the 
second heart sound was slightly accentuated. Radio- 
graphs showed the heart shadow to be of normal size, 
the pulmonary artery to be slightly prominent, and 
peripheral pulmonary vascular markings to be nor- 
mal. The electrocardiogram did not show any evi- 
dence of right atrial hypertrophy or right ventricular 
strain pattern, the heart axis was + 95°, and the right 
ventricular hypertrophy was appreciably improved 
(Fig. 2). Residual echocardiographic abnormalities 
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Ji ө 
Fig.2 Electrocardiograms after seven months’ treatment with 
verapamil. The P wave is now normal and the electrical axis 
nearly vertical. Signs of right ventricular hypertrophy have 
improved, and the ST segment has returned to the baseline 
indicating the disappearance of the right ventricular strain. 


included an enlarged right ventricle, dilated pulmo- 
nary artery branches, and thickening of the interven- 
tricular septum. The liver was not palpable below the 
costal margin. The Table shows the pressures and 
haemodynamic values obtained on recatheterisation. 

The dose of verapamil was changed to 60 mg by 
mouth three times daily, and she was discharged. 
Twelve months after the start of the treatment she was 
still undergoing regular check ups and was doing well 
clinically, according to electrocardiographic and 
radiographic findings. No untoward side effects of the 
drug were seen throughout the treatment. 


Discussion 


Our patient presented with a typical picture of com- 
paratively rapidly developing primary pulmonary 
hypertension. Her pulmonary artery pressure and 
pulmonary vascular resistance were noticeably 
increased. The cardiac index was not, however, 
appreciably depressed. This feature may be seen in 
early primary pulmonary hypertension and has been 
found in other patients. On administering verapamil 
into the pulmonary artery we observed prompt 
haemodynamic improvement which was sustained 
throughout long term oral treatment. On recatheter- 
isation her cardiac index was increased and the pul- 
monary artery pressure and pulmonary vascular resis- 
tance were virtually normal. 

One young woman has been reported to have 
experienced similar clinical and haemodynamic 
improvement when treated with nifedipine, another 
calcium blocking agent.* She was followed up for six 
months. Two other young women have been reported 
to have gained appreciable clinical benefit from treat- 
ment with nifedipine.’ $ The fall in their respective 
pulmonary artery pressures was not, however, im- 
pressive, and the pulmonary vascular resistances 
remained above expected normal values. Their car- 
diac outputs were also increased. They were followed 
up for three and four months respectively. Similar 
clinical and haemodynamic effects have been reported 
in a young woman treated with diltiazem and followed 
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up for 11 months.’ 

Another young woman has been reported to have 
had a precipitous fall in pulmonary artery pressure 
after 20 mg nifedipine, but the effect could not be 
sustained for longer than three hours despite the 
administration of additional nifedipine.® Farber et al 
reported death 54 hours after starting nifedipine in a 
63 year old man with pulmonary hypertension secon- 
dary to a long standing sarcoidosis but could not relate 
it clearly to the drug.? 

It is not clear why certain patients: with primary 
pulmonary hypertension show remarkable improve- 
ment when treated with calcium blocking agents 
while others improve less or not at all. The one obvi- 
ous prerequisite for success is the absence of the fixed 
anatomical obstruction of the pulmonary arterioles. 
Some authors claim that the improvement is conse- 
quent on increased cardiac output rather than on a 
decrease in pulmonary artery pressure, which in cer- 
tain patients is only modest.!? Until we obtain reliable 
data from controlled clinical trials all individual cases 
must be reported thoroughly, both successes and fail- 
ures, to define more factors that might influence the 
chances of successful treatment. 
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William Withering commemoration meeting 


A symposium,- organised jointly by ће. Association of Physicians and British Cardiac Society, to commemorate 
the bicentenary of the publication of William Withering’s An Account of the Foxglove is to be held on 18 April 
1985 in the Haworth Lecture Theatre, Chemistry Building, University of Birmingham. Space for non-members 
of the British Cardiac Society is limited arid inquiries should be made to: Professor W A Littler, Department of 
Cardiovascular Medicine, East Birmingham Hospital, Bordesley Green East, Birmingham B9 5ST. 


Programme _ 
9.30 am Registration in foyer; coffee upstairs 
10.00 am SESSION 1— Chairman: M F Oliver 


Pharmacology of digoxin—T W Smith (Brigham and Women's Hospital, Boston, 
-USA) (Strickland-Goodall Lecture) 

~“ Modern views of myocardial contractility—S V Perry (Department of Biochemistry, 
"University of Birmingham) 

. Digitalis and membranes— Denis Noble (Department of Physiology, University of 
Oxford) 


11.30-12.00 noon Coffee in the University Centre 


12.00 noon . . SESSION 2— Chairman: Sir Melville Arnott 
Digitalis for arrhythmias—D M Krikler (Royal Postgraduate Medical School, pus 
Disi toxicity—Charles Fisch (Indiana University School of Medicine, USA) 
1.00-2.30 pm Lunch in the University Centre 
2.30 pm SESSION 3 


“Should we be using digitalis?” —A debate 
Chairman—H B-Burchell (Saint Paul, Minnesota, USA) 
For—W A Littler (Birmingham) 
.F-L.Meijler (Utrecht) 
Against—A Guz (London) 
` "D G Gibson (London) 


4.00-4.30 pm ‘Tea in the University Centre 
5.00 pm SESSION 4 
The: Royal College of Physicians William Withering Lecture—Chairman: Sir Raymond 
Hoffenberg, PRCP 
The current treatment of heart failure—C T Dollery (Royal Postgraduate Medical 
School, London) 
SOCIAL EVENTS 


6.30 pm Visit to Edgbaston Parish Church for the Commemoration and concert by the English 
String Orchestra 
Historical address—A G W Whitfield 


7.45 pm Reception at Edgbaston Hall 
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Lead specificity of the maximum ST/heart rate slope 


response 


Sir, 

We read with interest the paper by Balcon et al (1984; 
52: 304—7) describing a relatively poor correlation 
between the maximum ST/heart rate slope and the 
severity of coronary artery disease at angiography. 
While this and most studies to date have been based 
on the derivation of this variable from conventional 12 
lead electrocardiographic systems with an additional 
precordial electrode, CM5, we have recently obtained 
similar results with a computerised Frank orthogonal 
lead system.! In 98 men studied by upright bicycle 
ergometry and coronary angiography, the maximum 
rate of change of ST amplitude was a poor predictor of 
the extent of coronary artery disease. Although a 
broad relation existed between the magnitude of this 
variable and the number of significantly diseased ves- 
sels, defined as >75% luminal stenosis, the degree of 
overlap was such that accurate discrimination of ves- 
sel disease groups was not achieved. 

Advocates of the use of the maximum ST/heart rate 
slope as an index of severity of coronary athero- 
sclerosis suggest that the slope may be selected from 
any lead in which the linear regression of ST change 
on heart rate is significant. This assumes that the ST 
response to exercise is uniform in all leads and that a 
common pathophysiological mechanism—namely, a 
mismatch of myocardial oxygen supply and 
demand—is the sole determinant of such a response. 
Using the Frank lead system we have found that these 
assumptions are invalid and that responses are lead 
specific.? Maximum rates of change of ST amplitude 
are similar in leads X and Z but greater in lead Y. It is 
likely that this disparate response is due to a dispro- 
portionate effect of exercise induced augmentation of 
the atrial repolarisation (Ta) wave on the early part of 
the ST segment in vertically orientated leads.? 

This non-uniformity in lead response is evident in 
the data presented by Balcon et al, who documented 
the lead from which the maximum ST/heart rate slope 
was sampled in 27 patients, 19 of whom had single 
vessel disease. This vessel disease group comprised 
eight patients with right coronary artery and 11 with 
left anterior descending disease. Although dominance 
of the coronary circulation is not reported, precluding 
estimation of the amount of jeopardised myocardium 
subtended in each patient, we may assume that this 
subpopulation is homogeneous, and as such max- 


imum ST/heart rate slopes should be comparable. It is 
clear, however, that slopes sampled from leads II, IIT, 
and aVF, which are predominantly vertically orien- 
tated, tend to be of greater magnitude (mean 41) than 
those from lateral leads I, aVL, V4—6 (mean 31). 
Slopes selected from CM5 which has both vertical and 
horizontal components are even greater (mean 48) 
suggesting the influence of additional confounding 
variables. 

The relative contributions of normal physiological 
responses and underlying pathology as determinants 
of the maximum ST/heart rate slope appear to be lead 
dependent, and the development of lead specific 
criteria for normal and abnormal ST/heart rate slope 
responses may improve diagnostic accuracy and facili- 
tate the development of a multivariate model for bet- 
ter assessment of overall myocardial ischaemia. 

] M Beattie, 

G B Seibert, 

C G Blomqvist, 

Division of Cardiology, 

University of Texas Health Science Center, 
5323 Harry Hines Boulevard, 

Dallas, EE 

Texas 75235, 

USA. 
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Pathways of preferential atrial conduction 


Sir, 

We read with both interest and concern the account of 
Dr T N James (1984; 52: 1—23) concerning the debate 
on the anatomical substrates for internodal conduc- 
tion. From his review, we draw the inference that he 
believes the issue to have been clouded by workers 
such as ourselves.! This is because, following the pre- 
cedent set at a meeting of the German Pathological 
Society in 1910,? we have suggested that the model for 
an anatomically discrete conduction system should be 
the insulated series of tracts found within the ven- 
tricular myocardium. In raising this matter, Dr James 
must be aware that, after his own initial paper,’ some 
distinguished cardiologists^ came to accept that such a 
system of tracts did exist within the atrial myocar- 
dium. Furthermore, these “tracts” have been 
illustrated in books prepared for “general consump- 
tion"577 in a fashion analogous to the ventricular 
bundle branches. As Dr James knows well, there is no 
anatomical evidence for the existence of such insu- 
lated tracts in the atrial tissues. It is significant in this 
respect that his own diagrams of the pathways have 
changed from the single solid lines of his 1963 draw- 
ing? to the more vague discontinuous lines of his pres- 
ent figure (Fig. 4, p.5). Yet even now we are unaware 
of any anatomical evidence that shows that the atrial 
myocardium in the areas he illustrates as “pathways” 
is any different morphologically and histologically 
from that elsewhere in the atrial wall and septum. 
This is particularly so in the case of his “middle path- 
way,” which seems to pass directly through the site of 
the oval fossa. Dr James accuses us of raising a straw 
man when we discuss the specialisation of the atrial 
myocardium. We plead not guilty to this charge. But 
is he not guilty of this offence when he raises the 
matter of the structure of the sinus node? The sinus 
node is primarily designed to generate the impulse. 
Although its cells must then also conduct, they do not 
have conduction as a primary function, as do the ven- 
tricular bundle branches. He goes on to construct 
another straw man when he argues that these ven- 
tricular bundle branches themselves are composed of 
several cell types. Here, and elsewhere, he misses the 
whole point of our argument. Irrespective of their 
cellular composition, the ventricular bundle branches 
can be traced through serial histological sections 
because they are insulated from the ventricular 
myocardium. If the tissue within the insulating 
sheaths is divided conduction into the ventricles 
ceases. This is certainly not the case with the atrial 
myocardium. Dr James then raises a third straw man 
concerning the specialised action potentials of atrial 


cells. There is no doubt that there are several popula- 
tions of cells in the atrial tissues that have different 
action potential configurations. There is also evidence 
that *sinoventricular conduction” can occur when the 
atrial myocardial cells themselves are paralysed. But 
we know of no evidence that has shown that those 
cells with specialised potentials conduct any more 
rapidly than the “working” cells nor that an anatomi- 
cally discrete system of atrial cells is responsible for 
sinoventricular conduction. The only paper of which 
we are aware that investigated the morphology of 
these cells showed that both specialised and working 
potentials originated from areas of plain atrial 
myocardium.’ Furthermore, as Dr James himself 
states, the recent work of Spach and his colleagues? 
has shown that the simple geometry of the atrial sep- 
tum accounts fully for preferential conduction bet- 
ween the nodes. If, Sir, the histological appearance 
and constituents of the atrial cells also are involved in 
this process of preferential conduction, it is incum- 
bent upon Dr James to produce the evidence support- 
ing this rather than obfuscating the topic still further 
with skilful rhetoric. 


Robert H Anderson,* 
Anton E Becker, 
*Cardiothoracic Institute, 
Brompton Hospital, 
Fulham Road, 

London SW3 6HP. 


TDepartment of Pathology, 
Academisch Medisch Centrum, 
Meibergdreef 9, 

1105 AZ Amsterdam, 

The Netherlands. 
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This letter was shown to the author, who replies as 
follows: 


Sir, 

. Thank you for the privilege of responding to the letter 
from Drs Anderson and Becker. Much of their con- 
cern now and in the past has to do with the purported 
insulation of the internodal pathways, but it is unclear 
why they address their criticisms to me. As they very 
well know, I have never said or written that these 


pathways are shielded or insulated in any way. The . 


reason my original drawing which showed solid lines 
has been changed to one with interrupted dashes (Fig. 
4, p 5) (which I do not believe are “‘vague’’) is to 
encourage others not to misinterpret this matter. Drs 
Anderson and Becker indicate that they are unaware 
of anatomical evidence that the atrial myocardium in 
the internodal pathways is different, choosing to 
ignore Figs. 5 and 6 (p 6 and 7) as well as the work 
cited in my references 27, 31, 33, 39, 40, 43, 44, 55, 
and 62 (p 20 and 21). Cardiac anatomists as experi- 
enced as Maurice Lev and Lino Rossi find no 
difficulty in identifying the preferential internodal 
pathways. Drs Anderson and Becker suggest that the 
middle internodal pathway appears to pass through 
the fossa ovalis, but my original description and that 
of all other subsequent investigators (for example, see 
Figs. 8, 9, and 10 in reference 4 cited by them) have 
explained how it combines with the descending por- 
ton of the anterior internodal pathway within the 
torus Loweri, which forms the anterior margin of the 
fossa ovalis. They accuse me of missing their point, 
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when I emphasise that the bundle branches include 


- more than one cell type, but what the latter fact indi- 


cates is that we have a long way to go in understanding 
the precise function of any of the wide variety of cells 
present in the myocardium, including the bundle 
branches. Their comment that the bundle branches 
can be traced in serial sections is true only for their 
proximal portion. No one to my knowledge has been 
able to trace much more than the first 20 or 30 mm of 
the course of the human left bundle branch nor of the 
right branch once it leaves the moderator band. They 
say that division of a bundle branch causes conduction 
into the ventricles to cease, which is simply not true. 
One can divide the right branch experimentally or 
demonstrate its complete interruption by disease in 
man, but the right ventricle still becomes activated, 
although about 20 ms more slowly. Evaluating either 
experimental or postmortem evidence of the effects 
from division of the left bundle branch is considerably 
more difficult, as Lenegre and others long ago demon- 
strated, but it is probable that complete interruption 
of it is still associated with activation (20 or 30 ms 
delayed) of the left ventricle. Following their errone- 
ous statement that interrupting a bundle branch 
would terminate conduction to the ventricle, they say 
“this is certainly not the case with the atrial myocar- 
dium." But observations cited in my references 23, 
32, 35, 37, 39, 53, 57, and 64—66 (p 20 and 21) offer 
evidence to the contrary: interruption of these path- 
ways does delay atrial conduction. In referring to the 
work of Spach and his colleagues (my reference 58) I 
did not write that geometric histology fully accounts 
for preferential conduction but that it was a valid 
component of that explanation. Both older research 
(my references 51, 52, 60, and 61) as well as that more 
recent (59, 72, and 73) support the concept of prefe- 
rential conduction via internodal pathways in the 
atria, including its participation in atrial flutter. Thus, 
Sir, itis the evidence which Drs Anderson and Becker 
choose to ignore which may be the explanation of why 
they continue to find the topic obfuscating. 


'Thomas N James, 

Callaway Laboratory of the Department of Medicine, 
University of Alabama Medical Center, 
Birmingham, Alabama 35294, USA. 
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Left ventricular platelet deposition after acute 


myocardial infarction 


Sir, 
Verheugt and colleagues (1984; 52: 490—6) have made 
a solid new addition to the many previously reported 
differences! between Q wave and non-Q wave 
myocardial infarction: the selective tendency for left 
ventricular thrombosis in the former. Since the pres- 
ence of a Q wave cannot reliably distinguish anatomi- 
cally transmural from non-transmural infarction! ? it 
is unfortunate that the authors have continued the 
standard, but erroneous labelling. (It may well be that 
the majority of Q wave infarcts are indeed anatomi- 
cally transmural and many of the non-Q wave infarcts 
non-transmural, but the electrocardiogram is not able 
to distinguish these with certainty.) 

This would be a terminological quibble if it were 
not that mislabelling can cloud concepts. By avoiding 
the inaccurate label perhaps further efforts will be 


Notices 


Body surface mapping 


The 3rd International Symposium on body surface 
mapping will be held from 11 to 14 June 1985 at the 
University of Nijmegen, The Netherlands. Further 
information may be obtained from: Dr R Th van 
Dam, Department of Cardiology, Geert Grooteplein 
Zuid 8, 6525 AG Nijmegen, The Netherlands. 


British Cardiac Society : ' 


The Annual General Meeting for 1985 will take place 
in Birmingham on 17 and 18 April 1985, and the 
closing date for receipt of abstracts was 8 January 
1985. 

The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 


directed at distinguishing further real, and it is to be 
hoped, fundamental differences between Q wave and 
non-Q wave infarcts. 


David H Spodick, 

Division of Cardiology, 

St Vincent Hospital, 

Worcester, Massachusetts, USA. 
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Unstable angina revisited 


А clinical review of unstable angina organised by the 
Thoraxcenter, Erasmus University, Rotterdam, the 
Interuniversitary Cardiological Institute, Utrecht, 
The Netherlands, and the Toronto General Hospital, 
Toronto, Canada, is to be held in Rotterdam from 
23 to 25 May 1985. Further details may be obtained 
from: Professor P G Hugenholtz, Thoraxcenter Bd 
406, Erasmus University Rotterdam, PO Box 1738, 
3000 DR Rotterdam, The Netherlands. 


Non-invasive cardiovascular dynamics 


The XIII European congress organised by the Euro- 
pean Society for non-invasive cardiovascular dynam- 
ics will be held in Brescia, Italy, from 22 to 25 April 
1985. Further details may be obtained from: Dr G 
Orlando, St Orsola Hospital, Via Vittorio Emanuele 
27, 25122 Brescia, Italy. 
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Mitral valve prolapse associated with other disorders 
Casual coincidence, common link, or а genetic 


disturbance? 


ALASDAIR D MALCOLM 


From Airedale General Hospital, Keighley, West Yorkshire 


Clinicians seem to enjoy describing associations be- 
tween diseases, abnormalities, and features in patients 
they have examined. Indeed the recognition of such 
links is ап understandable consequence of good 
observational powers allied to thoughtful considera- 
tion of accumulated experience and data. As mitral 
valve prolapse!~4 is now recognised as a fairly com- 
mon clinical entity?" it comes as no surprise to find 
that a substantial number of published reports has 
accumulated linking it with a variety of other clinical 
conditions. With echocardiographically demonstrable 
mitral valve prolapse recently documented in one 
large study in the Eastern part of the United States in 
5% of a total of 4967 people with technically adequate 
echocardiograms,? we can expect that, chance occur- 
rence of mitral valve prolapse with other disorders 
will not be too infrequent.? It is the purpose of this 
editorial to consider the reported associations and, 
with an awareness of the possibility of casual coinci- 
dence, categorise the associations according to patho- 
physiological mechanisms wherever possible. 


Screening 


Although there are certain auscultatory features 
characteristic of mitral valve prolapse,2~4 !? there is a 
subjective element and considerable interindividual 
variation in what is heard through the stethoscope, 
and surveys of the prevalence of mitral valve prolapse 
could not depend on auscultatory criteria. In addi- 
tion, silent mitral valve prolapse is not rare;? !9^!? and 
non-ejection systolic clicks can be heard without 
echocardiographically demonstrable mitral valve pro- 
lapse.? !? The direct but non-invasive visualisation of 
excessive systolic bulging of the mitral leaflets by 
echocardiography has been the key to the widespread 
diagnosis of the condition? !? !4 and it is on echo- 
cardiographic data that surveys of the prevalence of 
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mitral valve prolapse are largely based.35~!° 
Nevertheless, the distinction between mitral valve 
prolapse and certain movements of the mitral valve 
that may be normal is imprecise,!? and some inves- 
tigators may even have been overdiagnosing pro- 
lapse.!5 Moreover, in some subjects it may be a var- 
iant of normal!6 and present only at certain times of 
life.? 

M mode echocardiography will not detect mitral 
valve prolapse in a significant percentage of subjects 
shown by angiography to have mitral valve prolapse 
or with auscultatory signs of the conditions? !9 1! 17 18 
because of the limited view it affords of mitral valve 
motion.!3 141718 False positive patterns of mitral 
valve prolapse can also be found,’ !3 !? 18 but this is 
much less of a problem than the false negatives. Cross 
sectional echocardiography undoubtedly provides 
better spatial orientation and ease of determining the 
mitral annular plane than the M mode method and 
should now be considered the standard for diag- 
nosis.!3 1417—19 It is more sensitive than M mode and 
highly specific,!7^!? and the sensitivity can be 
enhanced by using selected combinations of echocar- 
diographic signs.!? Doppler echocardiography can 
detect associated mitral regurgitation but a mid to late 
systolic flow signal posterior to the mitral valve may 
be indicative of blood movement within the prolapsed 
leaflet!5; more work is needed to discover the true 
value of duplex imaging with range gated Doppler 
flow detection in the assessment of and screening for 
mitral valve prolapse. 

All surveys of the prevalence of mitral valve pro- 
lapse that have relied primarily on M mode echocar- 
diographic criteria must be considered as likely to 
have underestimated the prevalence and we should. 
now require data derived from cross sectional 
echocardiography, analysing multiple features. !4 !? 


Classical pathology 


In primary or idiopathic mitral valve prolapse? the 
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voluminous leaflets are structurally abnormal with 
myxomatous degeneration and disruption of the pars 
fibrosa, and there is dilatation. of the mitral 
annulus. 20-27 There is evidence of an abnormality of 
collagen.?3 26 28 The dissolution or dysgenesis of col- 
lagen in the continuous complex of pars fibrosa and 
chordae appears to be the basic mechanism respon- 
sible for the ballooning of the mitral leaflets.4 It 
remains uncertain, however, as to whether the fun- 
damental problem is a dyscollagenosis? or whether 
the collagen abnormalities and superimposed 
glycosaminoglycan infiltration giving the tissue its 
myxomatous appearance can develop in a valve that 


originally was structurally and histologically normal ` 


but for some reason prolapsed and thereby altered the 
magnitude and distribution of mechanical forces act- 
ing on the leaflet, annulus, and chordae.?3 26 28 29 The 
chordal deficiencies described by Becker and de Wit 
as being very common in mitral valve prolapse and 
relatively uncommon with normal non-prolapsing 
mitral valves?? may also render the leaflets more vul- 
nerable to mechanical damage. 

This general pattern of abnormality in prolapsing 
mitral valves that become available for pathological 
examination, either by surgical excision because of 
Severe mitral regurgitation requiring valve replace- 
ment or by death and subsequent necropsy, cannot be 
assumed to be the norm in all cases of mitral valve 
prolapse. The Framingham study data have provided 
powerful evidence that echocardiographic mitral valve 
prolapse can be a transient phenomenon at a certain 
stage in life, at least for women.? The prevalence of 
mitral valve prolapse (by M mode echocardiography 
screening, with cross sectional echocardiography for 
confirmation in more than 9096 of subjects) declined 
progressively for successive decades from 16-996 for 
women in their twenties through 12-296 in their forties 
and 4-496 in their sixties to 1-4% for women of 80 
years and older. In contrast, the prevalence among 
men showed no particular age related trend and aver- 
aged about 396. It seems unlikely that structural 
abnormalities would be present in the mitral valves of 
a significant proportion of younger women and simi- 
larly unlikely that these would be remedied in most as 
they get older. Rather, we should look to factors 
beyond the mitral valve itself, and age related changes 
in left ventricular size, shape, or wall movement may 
be part of the explanation. 

In evaluating possible associations between mitral 
valve prolapse and various disorders we must bear in 
mind that an echocardiographically prolapsing mitral 
valve is not necessarily abnormal in any way? !4!6 
and draw realistically limited conclusions in those 
conditions in which cardiac tissue has not been avail- 
able for systematic pathological and biochemical 
study in surgical or necropsy series. 
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Association with abnormalities of left ventricular 
size, shape, or function 


Excessive bulging of one or both mitral leaflets into 
the left atrium may be due to factors other than 
floppy leaflets, elongated chordae, or a dilated 
annulus.? 1331 32 Thus disturbance of the normal bal- 
ance between ventricular and valvar size may cause 
anatomical prolapse in the absence of any pathological 
feature of mitral leaflets or chordae. This would occur 
when left ventricular size is sufficiently reduced or 
shape sufficiently altered that maintenance of normal 
leaflet position and contour during systole is imposs- 
ible and some degree of prolapse into the left atrium 
results, as in hypertrophic obstructive car- 
diomyopathy.33? In secundum atrial septal defect, 
where up to half the patients seem to have mitral valve 
prolapse,? !3 33 34 the reduced left ventricular size with 
distorted ventricular geometry is probably often 
responsible for the mitral valve prolapse.!334 There 
are, however, instances where the mitral valve has 
become severely regurgitant and been found to have 
the myxomatous degeneration characteristic of prim- 
ary mitral valve prolapse.??5 Distortion of the 
atrioventricular area and reduced left ventricular size 
have been proposed as the mechanism of prolapse in 
patients with progressive muscular dystrophy and 
straight or lordotic thoracic spines.36 Ischaemically 
induced disturbance of contractile function in papil- 
lary muscles or subjacent myocardium may result in 
failure to maintain chordal systolic tension and so pro- 
lapse ensues? 3237; this would be the most common 
cause of secondary mitral valve prolapse. Disturbance 
of left ventricular contraction with previous rheuma- 
tic carditis or viral myocarditis or with congestive car- 
diomyopathy may result іп prolapse.?? It has also 
been proposed that the abnormal sequence of ven- 
tricular activation in the Wolff-Parkinson-White syn- 
drome can give rise to mitral valve prolapse.?? 38 but 
the idea that the bypass tract and prolapse are associ- 
ated structural malformations within the atrioven- 
tricular region is an alternative explanation.? 
Secondary mitral valve prolapse is probably of no 
special significance in most subjects, but it has been 
suggested that an abnormally stressed mitral valve 
might ultimately develop the same pathological 
changes found in primary mitral valve prolapse.!? 
Nevertheless, when secundum atrial septal defect is 
accompanied by a regurgitant prolapsing mitral valve 
the differential diagnosis with primum atrial septal 
defect complicated by atrioventricular valve abnor- 
mality has to be considered and there may be surgical 
implications.? Infective endocarditis, which hardly 
ever occurs in isolated secundum atrial septal defect, 
can occur when associated mitral valve prolapse is 
present, and  Jeresaty recommends antibiotic 
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prophylaxis for secundum atrial septal defect with 
mitral valve prolapse and late systolic or pansystolic 
murmurs.? Perhaps it would be prudent to follow the 
same guidelines for secondary mitral valve prolapse in 
ischaemic heart disease.37 


Association with congenital heart disease 


Secundum atrial septal defect is the commonest 
reported association, as discussed in the previous sec- 
tion, but there are a variety of other congenital cardiac 
abnormalities in which an association with mitral 
valve prolapse has been claimed.337 A retrospective 
study of M mode echocardiograms from 120 adults 
with congenital heart disease revealed mitral valve 
prolapse in nine of 32 (28%) patients with secundum 
atrial septal defect, in none of five with primum atrial 
septal defect, in 10 of 25 (40%) with ventricular septal 
defect, in five of seven (71%) with persistent ductus 
arteriosus, in three of five (60%) with tetralogy of 
Fallot, in five of 15 (33%) with pulmonary stenosis, in 
two of 14 (15%) with left ventricular outflow obstruc- 
tion, in two of three (67%) with Ebstein’s anomaly, 
and in four of 14 (29%) with miscellaneous other 
defects.33 Among 45 children with M mode echocar- 
diographically demonstrated mitral valve prolapse 
there were three cases of ventricular septal defect, one 
of persistent ductus arteriosus, and two of hyper- 
trophic obstructive cardiomyopathy.?? 

Pathological studies have provided some interesting 
data in respect of ventricular septal defect and 
Ebstein’s anomaly. Among 112 hearts with isolated 
ventricular septal defect collected over a 30 year 
period and restudied specifically for gross and micro- 
scopic (significant thickening of the spongiosal layer 
and invasion and disruption of the fibrosa by the 
spongiosa) evidence of mitral valve prolapse there was 
an overall incidence of the condition of 18%.“ There 
was no significant difference in the incidence of mitral 
valve prolapse for the three age groups (<1 year, 1-16 
years, and 17—91 years) considered. Spongiosal inva- 
sion of the fibrosa was fully developed by 3 months of 
age, and there was no evidence that the incidence or 
severity of spongiosal_invasion increased between the 
ages of 3 months and 88 years. In no patient was the 
mitral valve prolapse considered to be the cause of 
death. Complications of the prolapse in terms of rup- 
tured chordae, endocarditis, mitral regurgitation, and 
fibrin deposits at the mitral valve-left atrial angle 
occurred at approximately the same frequency as that 
reported in necropsy studies of isolated mitral valve 
prolapse. In the specimens with prolapse 63% also 
had similar involvement of the tricuspid valve, 16% of 
the pulmonary valve, and 5% of the aortic valve. In a 
separate study the hearts obtained at necropsy from 
10 patients with Ebstein’s anomaly of the tricuspid 
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valve were examined for mitral valve prolapse and the 
condition was found in none of five hearts from 
patients aged 1 day to 10 months but in 3 of 5 hearts 
from patients aged 18 to 72 years.*! The most severe 
degree of prolapse occurred in the 18 year old, whose 
mitral valve histology showed myxomatous change 
with a pronounced increase in acid mucopolysac- 
charide material in the leaflets.42 These pathological 
studies would potentially have underestimated the 
frequency of mitral valve prolapse with congenital 
cardiac abnormalities for they depended on necropsy 
specimens, and mitral valve prolapse secondary to dis- 
turbances of left ventricular dynamics,?! as in secun- 
dum atrial septal defect,?^ would have been missed. 


Association with other cardiac structural abnor- 
malities 


Tricuspid valve prolapse coexists fairly frequently 
with mitral valve prolapse, as shown at necropsy,’ 22 
on cineangiography,? 4344 and by M mode? 454° and 
cross sectional echocardiography.!? 4? 4$ For example, 
in 61 symptomatic patients with auscultatory signs of 
mitral valve prolapse and no significant occlusive dis- 
ease on selective coronary arteriography left ventricu- 
lar angiography detected prolapse in 52 (8496), and 
right ventricular angiography showed tricuspid valve 
prolapse in 32 (5296); in nine cases prolapse involved 
the tricuspid valve alone. Although 2196 of a group of 
53 patients with mitral valve prolapse had concomit- 
ant tricuspid valve prolapse on M mode echocardio- 
graphy, imaging of the tricuspid valve by this techni- 
que is inconsistent and cross sectional echocardiogra- 
phy is more often successful and provides better vis- 
ualisation of the tricuspid leaflets.!? 48 Thus cross sec- 
tional echocardiography showed concomitant tricus- 
pid prolapse in 4896 of 64 patients with mitral valve 
prolapse!? and in 1996 of 31 patients with mitral valve 
prolapse.*® Contrast echocardiography is helpful in 
evaluating tricuspid regurgitation in this situa- 
tion.!? 47 The general observation has been made that 
among subjects with tricuspid valve prolapse a more 
severe form of mitral valve prolapse is prevalent.!7 
Although it has been claimed that tricuspid valve pro- 
lapse occurs rarely as an isolated lesion,’ careful cross 
sectional echocardiographic technique has been 
shown to be capable of demonstrating it in 696 of an 
assorted group of 112 subjects without mitral valve 
prolapse,*® and it can be shown angiographically 
when prolapse is not evident on the contralateral ven- 
tricular cineangiogram.** Data are lacking on the his- 


.tological state of prolapsing tricuspid valves where 


there has not been concomitant mitral valve prolapse 
but the prolapse may be secondary to disturbed right 
ventricular dynamics. А genetically determined 
abnormality of atrioventricular valve development or 
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maintenance or both would explain dual valvar 
involvement. 

Aortic valve prolapse was evaluated by cross sec- 
tional echocardiography in 50 subjects with mitral 
valve prolapse and no stigmata of Marfan's syn- 
drome.^? Twelve (24%) subjects had redundant aortic 
leaflets bulging into the left ventricular outflow tract 
during diastole, and most of these subjects also had 
aortic regurgitation. In one subject who underwent 
mitral and aortic valve replacement for severe heart 
failure both excised valves showed characteristic 
myxomatous degeneration. In an earlier study of 112 
subjects with mitral valve prolapse successful cross 
sectional detailed imaging of the aortic valve was 
achieved in 77 and a prolapse pattern identified in 17 
(2296), 16 of whom showed increased echo reflection 
from aortic leaflet tissue and four of whom had aortic 
regurgitation.!? The aortic root measurement on M 
mode echocardiography was normal in the 60 subjects 
with mitral valve prolapse without aortic valve pro- 
lapse but enlarged in six of the 17 subjects with both 
aortic valve and mitral valve prolapse. Other evidence 
. of myxomatous involvement of the aortic valve in 
some cases of mitral valve prolapse has been reported 
with aortic leaflets thickened or folded on cross sec- 
tional echocardiograms, systolic oscillation and mul- 
tiple leaflet echoes on M mode scans, and confirma- 
tion of the myxomatous nature of one aortic valve 
replaced at operation.*? The myxomatous degenera- 
tion?5 which typifies primary mitral valve prolapse is 
therefore not confined to atrioventricular valve tissue 
in certain individuals, and comprehensive clinical 
evaluation of the subject with mitral valve prolapse 
should be conducted with this in mind. Cross sec- 
tional echocardiography is the major tool for precise 
evaluation of this sort!747 and may even show triple 
valve involvement.*? 

Atrial septal aneurysm combined with mitral valve 
prolapse has been found at necropsy in two patients, 5? 
but no mention was made of myxomatous degenera- 
tion in the leaflet tissue. Bulging of the aneurysm can 
be seen on cross sectional echocardiography, and 
there is a report of five patients with the combined 
conditions, four of whom also had tricuspid valve pro- 
lapse.5! A developmental abnormality affecting the 
tissue of interatrial septum and mitral valve can be 
supposed.5? 5! 

There are a number of reports of a definite associa- 
tion between pre-excitation atrioventricular pathways 
and mitral valve prolapse.? 37 38 52-55 The relation 
with the Wolff-Parkinson- White syndrome was first 
reported by Gallagher et al in 1975 with seven cases of 
mitral valve prolapse among 68 patients with the 
Wolff-Parkinson-White syndrome and attacks of 
arrhythmia that were sufficiently frequent or of such 
severity as to be disabling or life endangering.?? The 
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Lown-Ganong-Levine syndrome has been found in 
association. with mitral valve prolapse in several 
instances.? 53755 Of 12 patients with paroxysmal sup- 
raventricular tachycardia, three had the Lown- 
Ganong-Levine syndrome, опе the Wolff- 
Parkinson- White syndrome type A, and eight normal 
electrocardiograms.5^ Six of the eight patients with 
normal electrocardiograms were, however, shown on 
electrophysiological study to have atrioventricular 
bypass tracts. This evidence suggests that supraven- 
tricular tachycardia in patients with mitral valve pro- 
lapse could often be related to bypass tracts that, if the 
surface electrocardiogram is normal, will require spe- 
cial electrophysiological studies to enable diagnosis, 
and the authors felt that there may be a developmental 
link between the consistently left sided bypass tracts 
and the mitral valve prolapse.5^ These data from 
patients with major arrhythmia problems? 5^ have to 
be kept in perspective when dealing with subjects 
with mitral valve prolapse and little or no symp- 
tomatology of this sort. In two British series, without 
particular selection for problems with tachyarrhyth- 
mias, there were no cases of short PR interval of any 
sort among the study groups of 85!! and 182!2 sub- 
jects with mitral valve prolapse. 

Problems of cardiac impulse formation and conduc- 
tion are also encountered in subjects with mitral valve 
prolapse.33!5657 Sixty symptomatic patients with 
mitral valve prolapse underwent electrophysiological 
study; 49 had documented arrhythmias and 28 had 
experienced syncope.” Spontaneous second or third 
degree atrioventricular block was documented in 
eight patients, and 10 had chronic bundle branch 
block. Electrophysiological study showed abnormal 
sinus node function in eight patients, prolonged HV 
interval in 10, intra-Hisian delay in nine, and func- 
tional bundle branch block in 15. Dual atrioventricu- 
lar nodal pathways were detected in 24 patients. 
Comparison with 101 similarly symptomatic patients 
without mitral valve prolapse showed a greater pre- 
valence of dual atrioventricular nodal pathways and 
functional bundle branch block in the patients with 
mitral valve prolapse, but the other features were not 
significantly more or less common in the control 
group and therefore probably represent casual coinci- 
dence with mitral valve prolapse. 


Association with thoracic spine and chest wall 
abnormalities 


Narrow anteroposterior chest diameter, straight back, 
and pectus excavatum deformity are commonly 
associated with mitral valve prolapse.?3158762 The 
mitral valve undergoes differentiation to its final form 
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between the thirty fifth and forty second day of fetal 
development, when the vertebral column and thoracic 
cage are beginning their chondrification and os- 
sification. Any influence on fetal development at this 
stage may therefore affect both the mitral valve and 
bony thorax.53 In one radiological study in Hong 
Kong the metacarpal index was also measured, and, 
somewhat surprisingly, among the study group of 115 
subjects with mitral valve prolapse almost all with 
abnormal metacarpal indices had normal chest meas- 
urements (ratio of anteroposterior to transverse 
аіатетег)62; the reason for this dissociation is obs- 
cure, but it does suggest that in respect of aetiology 
subjects with mitral valve prolapse are likely to be 
heterogeneous and that a substantial proportion are 
unlikely to have anything to do with Marfan's syn- 
drome. 

Breast development may be impaired in some 
women with mitral valve prolapse, and the explana- 
tion could be similar to that for abnormalities of the 
bony thorax associated with mitral valve prolapse— 
namely, that both breast and mitral valve are of 
mesenchymal origin and undergo simultaneous 
primordial development.® In a group of 27 patients 
with hypomastia referred for elective augmentation 
mammoplasty, 13 (4896) had mitral valve prolapse on 
both M mode and cross sectional echocardiograms 
compared with only two (6%) of 33 controls.®? Con- 
versely, of 28 women selected consecutively from the 
echocardiographic data base at the same medical 
centre during the same 14 month period with mitral 
valve prolapse shown on echocardiography, 17 (6196) 
had hypomastia; hypomastia was found in eight (2496) 
of the controls. Whether the explanation for the link 
between hypomastia and mitral valve prolapse is 
entirely explicable in terms of embryological and 
mesenchymal dysplasia is a matter of dispute.5* With 
a much higher prevalence of mitral valve prolapse 
among lean persons than among those of above aver- 
age body weight in the Framingham study? and with 
other data indicating a correlation with slim build and 
below average weight,* 5! 64 the hypomastia may sim- 
ply be due to reduced contribution of adipose tissue to 
breast size.$^ 

Clinicians should be aware of the increased chance 
that mitral valve prolapse is present when thoracic 
Skeletal deformities or hypomastia (defined as a breast 
size <200 ml®) are present. Familial clustering of 
cases of mitral valve prolapse does occur,? 65767 but, 
although there is some evidence of an autosomal 
dominant mode of inheritance,? 6! 66 67 it appears that 
convincing proof of this hypothesis is lacking at pres- 
епі. 68 Nevertheless, diagnostic appraisal of possible 
mitral valve prolapse in the potentially affected close 
relatives of subjects with primary mitral valve pro- 
lapse seems warranted.98 
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Association with inherited disorders characterised 
by weakness or laxity of certain tissues 


It is well established that mitral valve prolapse is an 
integral part of many inherited connective tissue dis- 
orders? ^31 68 best known among which are the Mar- 
fan and Ehlers-Danlos syndromes. 

In an M mode echocardiographic study of 35 
patients with the Marfan syndrome mitral valve pro- 
lapse was found in 9196.59? In 50 consecutive patients 
with the syndrome reported by  Pyeriz and 
McKusick, 24 (4896) had midsystolic clicks with or 
without late systolic murmurs and 29 (5896) had 
echocardiographic (probably M mode for most cases, 
although not specified) evidence of mitral valve pro- 
lapse." Among 13 patients with typical Marfan’s 
syndrome, fusiform aneurysms of the ascending 
aorta, and chronic aortic regurgitation studied at nec- 
ropsy?! mitral valve prolapse was evident in only four, 
but the mitral annulus was larger than normal in most 
of the hearts and histological examination of the 
mitral leaflets showed excessive acid mucopolysac- 
charide material in all cases. Despite the frequency 
with which mitral valve prolapse is encountered in 
those with the Marfan syndrome, and despite some 
tendency for mitral valve prolapse to be associated 
with a marfanoid habitus,9! 58 the suggestion’? that 
mitral valve prolapse represents a forme fruste of 
Marfan’s syndrome has now been firmly rejected.? 68 

The Ehlers-Danlos syndrome is a group of inheri- 
ted defects of connective tissue sharing certain physi- 
cal features such as hypermobile joints, fragile skin, 
bruising, hernias, and various deformities including 
pectus excavatum73; there are several reports of its 
coexistence with mitral valve prolapse.? 74-77 In type 
IV Ehlers-Danlos syndrome a propensity for aortic 
rupture?? is a striking point of similarity with the 
Marfan syndrome. Їп a family with type IV Ehlers- 
Danlos syndrome cross sectional echocardiography 
detected mitral valve prolapse in eight of 10 subjects 
examined, and when production of type III collagen”? 
was assessed by use of cultured fibroblasts from skin 
biopsy specimens it was found to be deficient in all 
eight echopositive cases and normal in the two cases 
with normal echocardiograms.77 Abnormal type III 
collagen is the fundamental biochemical defect in 
Ehlers-Danlos syndrome type IV?? and analysis of a 
surgically excised valve from a patient with mitral 
valve prolapse and severe mitral regurgitation, who 
did not have the Marfan or Ehlers-Danlos syndrome, 
has shown a pronounced deficiency of type III col- 
Іавеп.78 More recent data from Australia, however, 
have shown that in 19 myxomatous mitral valves 
obtained at valve replacement surgery there is 
increased production of several types of collagen, in 
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particular type III,28 and prompts speculation that the 
glycosaminoglycan infiltration and cellular prolifera- 
tion in the valves are part of a repair process. The 
microstructural basis for mitral valve prolapse may 
thus be different in primary mitral valve prolapse 
compared with the mitral valve prolapse encountered 
in the inherited disorders of collagen synthesis. 

Hypermobility of joints has been found to be more 
common in 21 subjects with echocardiographically 
identified primary mitral valve prolapse than in 
matched controls, but there was no significant differ- 
ence in skin thickness, skin elasticity, or prevalence of 
either skeletal deformity or marfanoid habitus bet- 
ween the groups.7? Other investigators!? have not 
found this undue joint mobility, but among 182 
patients with M mode echocardiograms showing 
mitral valve prolapse 22 (1296) were noted to have had 
a herniorrhaphy in the past, perhaps indicative of a 
tendency for weakness of collagen common to mitral 
valve and extracardiac tissue.!? Patients with hyper- 
mobile joints attending a rheumatology clinic were 
found to have auscultatory and M mode echocardiog- 
raphic evidence of mitral valve prolapse more fre- 
quently than control patients with normal joint mobil- 
ity ѕсогеѕ.80 Laxity of joints may be associated with a 
more widespread abnormality of collagen within the 
cardiovascular system. This is suggested by the 
finding of an increased aortic compliance (as meas- 
ured by a continuous wave Doppler ultrasound tech- 
nique) in 44 of 72 patients with the hypermobility 
syndrome,5! some of whom were also shown to have 
collagen abnormalities on biochemical analysis and 
electron microscopy of skin biopsy specimens. 

The data cited in respect of the Marfan and 
Ehlers-Danlos syndromes give reasonable grounds for 
expecting to find mitral valve prolapse in a high pro- 
portion of patients with other generalised disorders of 
connective tissue,? where structural weakness of 
mitral leaflets, chordae, and annular tissue would be 
the cause of the prolapse. This expectation is fulfilled 
in a study of pseudoxanthoma elasticum,8? but in 
osteogenesis imperfecta, despite reports of two regur- 
gitant prolapsing mitral valves requiring replace- 
mentë? and of one mitral valve showing severe myxo- 
matous degeneration, an M mode echocardio- 
graphic study of 20 patients detected mitral valve pro- 
lapse in only опе.85 An increased prevalence of mitral 
valve prolapse has been shown with cross sectional 
echocardiography in 15 patients with von Willebrand 
syndromes, among whom mitral valve prolapse was 
found in 6096 compared with 1396 of matched con- 
trols55; the concept of a linked mesenchymal dysplasia 
was proposed as a unifying hypothesis to explain the 
association of mitral valve prolapse with this vascular 
endothelial abnormality and with various skeletal and 
connective tissue dysplasias already тепіопей.86 
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Association with disorders of skeletal muscle 


Although there are several reports of an increased 
prevalence of mitral valve prolapse in myotonia 
аігорһіса,3 87 there is no clear evidence either of 
myxomatous degeneration of mitral valve tissue or of 
myocardial involvement with dysfunction localised so 
as to impair mitral valve function.3? A recent prospec- 
tive study of 25 adults with myotonia atrophica 
showed that on cross sectional echocardiography mild 
mitral valve prolapse was present in three and moder- 
ate mitral valve prolapse in four cases.88 The 
significance of mitral valve prolapse in myotonia 
atrophica and in other muscle diseases requires 
further elucidation with larger series and provision of 
some correlative cardiac pathological data. 


Association with endocrine disorders 


When Jeresaty’s monograph of mitral valve prolapse 
was published in 19793 it contained but one reference 
to an associated endocrine disorder and that was to a 
report? of a single case of acromegaly with a systolic 
click and murmur complicated by streptococcal 
endocarditis. How surprising then that it should have 
taken until 1981 for an association with one of the 
more common disturbances of endocrine function— 
namely, hyperthyroidism—to be reported.?? Impres- 
sed by what seemed to be a high frequency of mitral 
valve prolapse in patients with hyperthyroidism and 
aware of the evidence that adrenergic tone is increased 
both in hyperthyroidism?! and in symptomatic mitral 
valve prolapse,‘ 9? clinicians at the Temple University 
School of Medicine in Philadelphia looked for mitral 
valve prolapse in 40 patients with hyperthyroidism.?? 
The diagnosis of mitral valve prolapse depended on 
auscultatory and echocardiographic (both M mode 
and cross sectional) assessment, and in only one 
instance (a hyperthyroid patient) was the diagnosis 
made on auscultatory findings alone. Sixteen of 39 
(4196) patients with Graves' disease and one patient 
with toxic nodular goitre had mitral valve prolapse 
compared with seven of 40 (1896) patients in a control 
group. The prevalence of mitral valve prolapse did 
not differ significantly between those who were hyper- 
thyroid at the time of evaluation and those who were 
not and seemed unrelated to the sex or race of the 
patient. 

The link between mitral valve prolapse and hyper- 
thyroidism is further explored in a much larger study 
from Israel reported in this issue of the journal 
(p 374-7).93 The investigators used both M mode and 
cross sectional echocardiography to detect mitral 
valve prolapse. Among a group of 126 hyperthyroid 
patients there were 12 (9-596) cases of mitral valve 
prolapse, which is not significantly different from the 
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prevalence of 5-496 in the control group of 111 sub- 
jects. When the 49 patients with Graves' disease were 
considered separately, however, the prevalence was 
16.596, and this difference is significant. As in the 
American study?? it made no difference whether the 
patients were hyperthyroid or had become euthyroid. 
The prevalence of hyperthyroidism among 64 subjects 
with mitral valve prolapse was also assessed; in one 
case the laboratory tests indicated hyperthyroidism, 
but clinical features of hyperthyroidism were lacking. 

The basis for the association between mitral valve 
prolapse and Graves' disease is a matter of conjec- 
ture.?993 Tt would seem that the valvar prolapse is not 
attributable to myocardial dysfunction caused by a 
direct effect of high concentrations of thyroid hor- 
mones, and there are no data on the gross morphology 
or histology of mitral valves from patients with this 
combination. Proof of a common autoimmune 
mechanism?° 9394 would probably require immuno- 
histological studies of mitral valve and thyroid tissue. 
Certain histocompatibility antigens have been 
reported to be associated with mitral valve pro- 
lapse?99395 and with Graves’ disease,9°93 but the 


pathophysiological mechanisms by which this might : 


cause the two disorders remain undetermined. 
Perhaps the best guess that can be made at present is 
to suppose a defect of genetic coding for control of 
mitral valve tissue formation, turnover, or subsequent 
modification at a locus adjacent to one exerting some 
influence over the control of thyroid function or all 
three. This could be the basis for some of the other 
clinical associations® 6886 and is worthy of further 
investigation. 


Conclusion 


There is still much to be learned about mitral valve 
prolapse, 26»? and in clinical practice major issues 
which remain imperfectly resolved include the 
pathogenesis and management of accompanying chest 
pain,‘ 98 identification and protection of those subjects 
at risk of thromboembolic complications+?’ ог 
arrhythmic sudden death,??!9? and prophylaxis 
against endocarditis.?7!?! There is no doubt that 
anatomical prolapse of mitral leaflets is common, but 
. in only a small proportion of subjects should we con- 
sider this to be '*abnormal."!$ In some it will be eva- 
nescent. It may be some years before pathological 
studies on mitral valves from an appreciable number 
of supposed “normal variant" subjects with mitral 
valve prolapse can be reported. Improved cross sec- 
tional  echocardiographic instrumentation and 
meticulous attention to details of technique will 
enable mitral leaflet thickness to be determined, as 
very recently reported by Chandraratna et al, !°2 and 
this may be the key to distinguishing between “пог- 
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mal" prolapsing mitral valves and pathological%® 
forms of mitral valve prolapse. A completely new set 
of cross sectional echocardiographic surveys of mitral 
valve prolapse in unselected populations and in sub- 
groups of patients with the various conditions sus- 
pected to be associated with mitral valve prolapse will 
now have to be carried out, and it is to be hoped that 
the opportunity will be taken, wherever possible, to 
ascertain the morphology, histology, and histochemis- 
try of the mitral valve and any other features of car- 
diac pathology. 


References 


1 Criley JM, Lewis KB, Humphries JO, Ross RS. Pro- 
lapse of the mitral valve: clinical and cine- 
angiocardiographic findings. Br Heart ў 1966; 28: 488— 
96. І 

2 Barlow JB, Pocock WA. The problem of non-ejection 
systolic clicks and associated mitral systolic murmurs: 
emphasis on the billowing mitral leaflet syndrome. Am 
Heart F 1975; 90: 636-55. 

3 Jeresaty RM. Mitral valve prolapse. New York: Raven 
Press, 1979. 

4 Wooley CF. The mitral valve prolapse syndrome. Hosp 
Pract 1983; 18: 163-74. 

5 Brown OR, Kloster FE, DeMots H. Incidence of mitral 
valve prolapse in the asymptomatic normal [Abstract]. 
Circulation 1975; 52 (suppl II): 77. 

6 Markiewicz W, Stoner J, London E, Hunt SA, Popp 
RL. Mitral valve prolapse in one hundred presumably 
healthy young females. Circulation 1976; 53: 464-73. 

7 Procacci PM, Savran SV, Schreiter SL, Bryson AL. 
Prevalence of clinical mitral valve prolapse in 1169 
young women. N Engl 7 Med 1976; 294: 1086-8. 

8 Hickey AJ, Wilcken DEL. Prevalence of mitral valve 
prolapse in an Australian population [Letter]. Lancet 
1980; 1: 1366. 

9 Savage DD, Garrison RJ, Devereux RB, et al. Mitral 
valve prolapse in the general population. 1. 
Epidemiologic features: The Framingham Study. Am 
Heart ў 1983; 106: 571-6. 

10 Savage DD, Devereux RB, Garrison RJ, et al. Mitral 
valve prolapse in the general population. 2. Clinical fea- 
ше The Framingham Study. Am Heart F 1983; 106: 

—81. 

11 Malcolm AD, Boughner DR, Kostuk W]J, Ahuja SP. 
Clinical features and investigative findings in presence 
of mitral leaflet prolapse: study of 85 consecutive 
patients. Br Heart ў 1976; 38: 244—56. 

12 Beton DC, Brear SG, Edwards JD, Leonard JC. Mitral 
valve prolapse: an assessment of clinical features, 
associated conditions and prognosis. Q 7 Med 1983; 52: 
150-64. 

13 Levine RA, Weyman AE. Mitral valve prolapse: a dis- 
ease in search of, or created by, its definition. Echocar- 
diography 1984; 1: 3—14. 

14 Shah PM. Update of mitral valve prolapse syndrome: 
when is echo prolapse a pathological prolapse? Echocar- 
diography 1984; 1: 87—95. 

15 Wann LS, Grove JR, Hess TR, et al. Prevalence of 


360 


mitral prolapse by two dimensional echocardiography in 
healthy young women. Br Heart ў 1983; 49: 334-40. 

16 Oakley CM. Mitral valve prolapse: harbinger of death 
or variant of normal? Br Med ў 1984; 288: 1853-4. 

17 Morganroth J, Jones RH, Chen CC, Naito M. Two 
dimensional echocardiography in mitral, aortic and 
tricuspid valve prolapse: the clinical problem, cardiac 
nuclear imaging considerations and a proposed standard 
for diagnosis. Am 7 Cardiol 1980; 46: 1164—77. 

18 Abbasi AS, DeCristofaro D, Anabtawi J, Irwin L. 
Mitral valve prolapse: comparative value of M-mode 
two-dimensional and doppler echocardiography. 7 Ат 
Coll Cardiol 1983; 2: 1219-23. 

19 Alpert MA, Carney RJ, Flaker GC, Sanfelippo JF, 
Webel RR, Kelly DL. Sensitivity and specificity of 
two-dimensional echocardiographic signs of mitral valve 

. prolapse. Am 7 Cardiol 1984; 54: 792-6. 

20 Bittar N, Sosa JA. The billowing mitral valve leaflet: 
report on fourteen patients. Circulation 1968; 38: 763— 
70. 

21 Leachman RD, De Francheschi A, Zamolloa O. Late 
systolic murmurs and clicks associated with abnormal 
mitral valve ring. Am 7 Cardiol 1969; 23: 679-83. 

22 Pomerance A. Ballooning deformity (mucoid degenera- 
tion) of atrioventricular valves. Br Heart ў 1969; 31: 
343-51. 

23 Davies MJ, Moore BP, Braimbridge MV. The floppy 
mitral valve: study of incidence, pathology, and compli- 
cations in surgical, necropsy, and forensic material. Br 
Heart ў 1979; 40: 468-81. 

24 Olsen EGJ, Al-Rufaie HK. The floppy mitral valve: 
study on pathogenesis. Br Heart ў 1980; 44: 674-83. 

25 Rippe J, Fishbein MO, Carabello B, et al. Primary 
myxomatous degeneration of cardiac valves: clinical, 
pathological, haemodynamic, and echocardiographic 
profile. Br Heart ў 1980; 44: 621—9. 

26 King BD, Clark MA, Baba N, Kilman JW, Wooley CF. 
*Myxomatous" mitral valves: collagen dissolution as 
the primary defect. Circulation 1982; 66: 288-96. 

27 Roberts WC. Morphologic features of the normal and 
abnormal mitral valve. Am 7 Cardiol 1983; 51: 1005—28. 

28 Cole WG, Chan D, Hickey AJ, Wilcken DEL. Collagen 
composition of normal and myxomatous human mitral 
heart valves. Biochem F 1984; 219: 451-60. ` 

29 Wilcken DEL, Hickey А], Cole WG, Chan D. The 
pathogenesis of the floppy mitral valve [Abstract]. Cir- 
culation 1984; 70 (suppl ID: 102. 

30 Becker AE, De Wit АРМ. Mitral valve apparatus: a 
spectrum of normality relevant to mitral valve prolapse. 
Br Heart F 1979; 42: 680—9. 

31 Criley JM, Heger J. Prolapsed mitral leaflet syndrome. 
Cardiovasc Clin 1979; 10: 213-33. 

32 Barlow JB, Pocock WA, Obel IWP. Mitral valve pro- 
lapse: primary, secondary, both or neither? Ат Heart 7 
1981; 102: 140-3. 

33 Rippe JM, Sloss LJ, Angoff G, Alpert JS. Mitral valve 
prolapse in adults with congenital heart disease. Ат 
Heart F 1979; 97: 561-73. 

34 Angel J, Soler-Soler J, Garcia Del Castillo H, Anivarro 
I, Batlle-Diaz J. The role of reduced left ventricular 
enddiastolic volume in the apparently high prevalence 
of mitral valve prolapse in atrial septal defect. Eur 7 


Malcolm 


Cardiol 1980; 11: 341-55. 

35 Leachman RD, Cokkinos DV, Cooley DA. Association 
of ostium secundum atrial septal defects with mitral 
valve prolapse. Am 7 Cardiol 1976; 38: 167-9. 

36 Yazawa Y. Mitral valve prolapse related to geometrical 
changes of the heart in cases of progressive muscular 
dystrophy. Clin Cardiol 1984; 7: 198—204. 

37 Barlow JB, Pocock WA. Mitral valve.prolapse, the 
specific billowing mitral leaflet syndrome, or an 
insignificant non-ejection systolic click. Am Heart ў 
1979; 97: 277-85. 

38 Bjerregaard P, Peterson ELC. Type A WPW and mitral 
valve prolapse [Letter]. Circulation 1977; 56: 136-7. 

39 Schmaltz AA, Ibrahim ZI, Apitz J. Clinical and angio- 
and echocardiographic findings in 45 children with 
mitral valve prolapse syndrome. Eur ў Cardiol 1978; 7: 
49-58. 

40 Lucas RV Jr, Edwards JE. Floppy mitral valve and 
ventricular septal defect: an anatomic study. 7 Am Coll 
Cardiol 1983; 1: 1337-47. 

4] Cabin HS, Roberts WC. Ebstein's anomaly of the 
tricuspid valve and prolapse of the mitral valve. Ат 
Heart F 1981; 101: 177-80. 

42 Roberts WC, Glancy DL, Seningen RP, Maron BJ, 
Epstein SE. Prolapse of the mitral valve (floppy valve) 
associated with Ebstein's anomaly of the tricuspid 
valve. Am J Cardiol 1976; 38: 377-82. 

43 Gooch AS, Maranhào V, Scampardonis G, Cha SD, 
Yang SS. Prolapse of both mitral and tricuspid leaflets 
in systolic murmur-click syndrome. N Engl 7 Med 
1972; 287: 1218-22. 

44 Maranhào V, Gooch AS, Yang SS, Sumathisena DR, 
Goldberg HH. Prolapse of the tricuspid leaflets in the 
systolic murmur-click syndrome. Cathet Cardiovasc 
Diagn 1975; 1: 81-90. 

45 Chandraratna PAN, Lopez JM, Fernandez JJ, Cohen 
LS. Echocardiographic detection of tricuspid valve pro- 
lapse. Circulation 1975; 51: 823—6. 

46 Werner JA, Schiller NB, Prasquier R. Occurrence and 
significance of echocardiographically demonstrated 
tricuspid valve prolapse. Am Heart ў 1978; 96: 180—6. 

47 Ogawa S, Hayashi J, Sasaki H, et al. Evaluation of 
combined valvular prolapse syndrome by two- 
dimensional echocardiography. Circulation 1982; 65: 
174-80. 

48 Brown AK, Anderson V. Two dimensional echocar- 
diography and the tricuspid valve: leaflet definition and 
prolapse. Br Heart ў 1983; 49: 495—500. 

49 Rodger JC, Morley P. Abnormal aortic valve echoes in 
mitral prolapse: echocardiographic features of floppy 
aortic valve. Br Heart F 1982; 47: 337-43. 

50 Roberts WC. Aneurysm (redundancy) of the atrial sep- 
tum (fossa ovale membrane) and prolapse (redundancy) 
of the mitral valve. Ат 7 Cardiol 1984; 54: 1153-4. 

51 Iliceto S, Papa A, Sorino M, Rizzon P. Combined atrial 
septal aneurysm and mitral valve prolapse: detection by 
two-dimensional echocardiography. Am ў Cardiol 1984; 
54: 1151-3. 

52 Gallagher JJ, Gilbert M, Svenson RH, Sealy WC, 
Kasell J, Wallace AG. Wolff-Parkinson-White syn- 
drome: the problem, evaluation, and surgical correc- 
tion. Circulation 1975; 51: 767-85. 


Mitral prolapse associated with other disorders 


53 Krikler D, Curry P, Kafetz K. Pre-excitation and 
mitral valve prolapse. Br Med 7 1976; 1: 1257. 

54 Josephson ME, Horowitz LN, Kastor JA. Paroxysmal 
supraventricular tachycardia in patients with mitral 
valve prolapse. Circulation 1978; 57: 111—5. 

55 Chen WWC, Wong PHC, Chow JSF. Mitral valve pro- 
lapse and pre-excitation. PACE 1982; 5: 773-5. 

56 DeSilva RA, Shubrooks SJ Jr. Mitral valve prolapse 
with atrioventricular and sinoatrial node abnormalities 
of long duration. Am Heart 7 1977; 93: 772—5. 

57 Ware JA, Magro SA, Luck JC, et al. Conduction sys- 
tem abnormalities in symptomatic valve prolapse: an 
electrophysiologic analysis of 60 patients. Am 7 Cardiol 
1984; 53: 1075-8. 

58 Bon Tempo CP, Ronan JA Jr, de Leon AC Jr, Twigg 
HL. Radiographic appearance of the thorax in systolic 


click—late systolic murmur syndrome. Am 7 Cardiol - 


1975; 36: 27-31. 

59 Salomon J, Shah PM, Heinle RA. Thoracic skeletal 
abnormalities in idiopathic mitral valve prolapse. Am ў 
Cardiol 1975; 36: 32-6. 

60 Udoshi MB, Shah A, Fisher VJ, Dolgin M. Incidence 

of mitral valve prolapse in subjects with thoracic 

skeletal abnormalities—a prospective study. Am Heart ў 

1979; 97: 303-11. 

Schutte JR, Gaffney FA, Blend L, Blomqvist CG. Dis- 

tinctive anthropometric characteristics of women with 

mitral valve prolapse. Ат ў Med 1981; 71: 533-8. 

62 Chan FL, Chen WWC, Wong PHC, Chow JSF. 
Skeletal abnormalities in mitral-valve prolapse. Clin 
Radiol 1983; 34: 207-13. 

63 Rosenberg CA, Derman GH, Grabb WC, Buda AJ. 
Hypomastia and mitral-valve prolapse: evidence of a 
linked embryologic and mesenchymal dysplasia. N Engl 
J Med 1983; 309: 1230-2. 

64 Devereux RB, Lutas EM, Kramer-Fox R, Brown WT. 
Hypomastia and mitral-valve. prolapse [Letter]. N Engl 
J Med 1984; 310: 1053-4. 

65 Rizzon P, Biasco G, Brindicci G, Mauro F. Familial 
syndrome of midsystolic click and late systolic murmur. 
Br Heart 7. 1973; 35: 245-59. 

66 Weiss AN, Mimbs JW, Ludbrook PA, Sobel BE. 
Echocardiographic detection of mitral valve prolapse: 
exclusion of false positive diagnosis and determination 
of inheritance. Circulation 1975; 52: 1091—6. 

67 Chen WWC, Chan FL, Wong PHC, Chow JSF. Famil- 
ial occurrence of mitral valve prolapse: is this related to 
the straight back syndrome? Br Heart F 1983; 50: 97~ 
100. 

68 Beighton P. Mitral valve prolapse and a marfanoid 
habitus. Br Med ў 1982; 284: 920. 

69 Brown OR, DeMots H, Kloster FE, Roberts A, 
Menashe VD, Beals RK. Aortic root dilatation and 
mitral valve prolapse in Marfan's syndrome. Circulation 
1975; 52: 651-7. 

70 Pyeritz RE, McKusick VÀ. The Marfan syndrome: 

diagnosis and management. N Engl 7 Med 1979; 300: 

772-1. 

Roberts WC, Honig HS. The spectruni of cardiovascu- 

lar disease in the Marfan syndrome: a clinico- 

morphologic study of 18 necropsy patients and com- 
parison to 151 previously reported necropsy patients. 


6 


ra 


7 


ma 


361 


Am Heart ў 1982; 104: 115-35. 

72 Read RC, Thal AP, Wendt VE. Symptomatic valvular 
myxomatous transformation (the floppy valve syn- 
drome): a possible forme fruste of the Marfan syn- 
drome. Circulation 1965; 32: 897—910. 

73 Pope FM, Nicholls AC, Dorling J, Webb J. Molecular 
abnormalities of collagen: a review. ў R Soc Med 1983; 
76: 1050-62. 

74 Brandt KD, Sumner RD, Ryan TJ, Cohen AS. Hernia- 
tion of mitral leaflets in the Ehlers-Danlos syndrome. 
Am J Cardiol 1975; 36: 524—8. 

75 Cabeen WR Jr, RezaMJ, Kovick RB, Stern MS. Mitral 
valve prolapse and conduction defects in Ehlers-Danlos 
syndrome. Arch Intem Med 1977; 137: 1227-31. 

76 Leier CV, Call TD, Fulkerson PK, Wooley CF. The 
spectrum of cardiac defects in Ehlers-Danlos syn- 
dromes, types I and III. Ann Intern Med 1980; 92: 171- 
8 


77 Jaffe AS, Geltman EM, Rodey GE, Uitto J. Mitral valve 
prolapse: a consistent manifestation of Type IV 
Ehlers-Danlos syndrome. Circulation 1981; 64: 121-5. 

78 Hammer D, Leier CV, Baba N, Vasko JS, Wooley CF, 
Pinnell SR. Altered collagen composition in a prolaps- 
ing mitral valve with ruptured chordae tendineae. Am 7 
Med 1979; 67: 863—6. 

79 Pitcher D, Grahame R. Mitral valve prolapse and joint 
hypermobility: evidence for a systemic connective tissue 
abnormality? Ann Rheum Dis 1982; 41: 352-4. 

80 Grahame R, Edwards JC, Pitcher D, Gabell A, Harvey 
W. A clinical and echocardiographic study of patients 
with the hypermobility syndrome. Ann Rheum Dis 
1981; 40: 541-6. 

81 Child A, Symmons D, Light N, Dyson M, Dorrance D, 
Grahame R. Collagen deficiency in joint hypermobility 
syndrome [Abstract]. Br 7 Rheumatol 1984; 23: 133-4. 

82 Lebwohl MG, Distefano D, Prioleau PG, Uram M, 
Yannuzzi LA, Fleischmajer R. Pseudoxanthoma elas- 
ticum and mitral-valve prolapse. N Engl 7 Med 1982; 
307: 228-31. 

83 Wood SJ, Thomas J, Braimbridge MV. Mitral valve 
disease and open heart surgery in osteogenesis imper- 
fecta tarda. Br Heart ў 1973; 35: 103-6. 

84 Stein D, Kloster FE. Valvular heart disease in 
osteogenesis imperfecta. Am Heart ў 1977; 94: 637-41. 

85 White NJ, Winearls CG, Smith R. Cardiovascular 
abnormalities in osteogenesis imperfecta. Am Heart 7 
1983; 106: 1416—20. 

86 Pickering NJ, Brody JI, Barrett MJ. Von Willebrand 
syndromes and mitral-valve prolapse. N Engl ў Med 
1981; 305: 131-4. 

87 Gottdiener JS, Hawley RJ, Gay JA, DiBianco К, 
Fletcher RD, Engel WK. Left ventricular relaxation, 
mitral valve prolapse, and intracardiac conduction in 
myotonia atrophica: assessment by digitized echocar- 
diography and noninvasive His bundle recording. Am 
Heart F 1982; 104: 77-85. 

88 Perloff JK, Stevenson WG, Roberts NK, Cabeen W, 
Weiss J. Cardiac involvement in myotonic muscular 
dystrophy (Steinert's disease): a prospective study of 25 
patients. Ат ў Cardiol 1984; 54: 1074—81. 

89 Jugdutt B, Basualdo C, Freeman H, Crockford P. 
Acromegaly, the systolic click syndrome, and Group D 


362 


streptococcal endocarditis. Chest 1976; 69: 690—2. 

90.Channiok BJ, Adlin EV, Marks AD, etal. Hyper- 
thyroidism and mitral-valve prolapse. N Engl ў Med 
1981; 305: 497—500. 

91 Grossman W, Robin NI, Johnson LW, Brooks H, 
Selenkow HA, Dexter L. Effects of beta blockade on 
the peripheral manifestations of thyrotoxicosis. Ann 
Intern Med 1971; 74: 875—9. 

92 Boudoulas H, Reynolds JC, Mazzaferri E, Wooley CF. 
Metabolic studies i in mitral valve prolapse syndrome: a 
neuroendocrine-cardiovascular process. Circulation 
1980; 61: 1200-5. 

93 Brauman А, Algom M, Gilboa Y, Ramot Y, Golik A; 
Stryjer D. Mitral valve prolapse in hyperthyroidism of 
two different origins. Br Heart F 1985; 53: 374-7. 

94 Schlant RC, Felner JM, Miklozek CL, Lutz JF, Hurst 
JW. Mitral valve prolapse. DM 1980; 26: 1—51. 

95 Braun WE, Ronan J, Schacter B, Gardin J, Isner J, 
Grecek D. HLA antigens in mitral valve prolapse. 
Transplant Proc 1977; 9: 1869—71. 

96 Perloff JK. Evolving concepts of mitral-valve prolapse. 
N Engl 7 Med 1982; 307: 369-70. 


Malcolm 


97 Malcolm AD. Mitral leaflet prolapse. Eur Heart F 1984; 
5 (suppl A): 127-30. 

98 Saltissi S, Crowther A, Byrne C, Clarke S, Jenkins BS, 
Webb-Peploe MM. The effects of oral digoxin therapy 
in primary mitral leaflet prolapse. Eur Heart ў 1983; 4 
828-37. . . 

99 Savage DD, Levy D, Garrison RJ, et al. Mitral valve 

: prolapse in the general population. 3. Dysrrhythmias: 

The Framingham Study. Am Heart ў 1983; 106: 582—6. 

100 Mason DT, Lee G, Chan MC, DeMaria AN. Arrhyth- 
mias in patients with mitral valve prolapse: types, 
evaluation, and therapy. Med Clin North Am 1984; 68: 
103949. 


101 Bor DH, Himmelstein DU. Endocarditis prophylaxis 


for patients with mitral valve prolapse: a quantitative 
analysis. Am 7 Med 1984; 76: 711-7. 

102 Chandraratna PAN, Nimalasuriya A, Kawanishi D, 
Duncan P, Rosin B, Rahimtoola SH. Identification of 
the increased frequency of cardiovascular abnormalities 
associated with mitral valve prolapse by two- 
dimensional echocardiography. Ат ў Cardiol 1984; 54: 
1283-5. 


rmation. Dosage 

is, prophylaxis of migraine: 1 capsule 

capsule ‘Inderal LA. once daily 

ГА Нур rensio psule ‘Inderal LA once 

^ , s of Half-Inderal' LA. (In appropriate 
eg. the elderly starting dose i: 1 : “Inderal LA, опее daily). 
dications Heart block. Bronchospasm, nged fasting. Metabolicacidosis. 
ons Untreated cardiae failure. Brady ation of tachycardia of 

nidine. Prescription of 

tiarrhythmie agents. Co-administration amil Anaesthesia. 

у. Adverse Reactions Cold extremities, nause in. lassitude and 
ipea are usually transient. Isolated cases of parae: he ands;rashesand 
ryeyeshave been reported with beta-blockers.Considerd i ce if they occur 


leta-blockers should be withdrawn gradually. Overdosage See data sheet. Basic” 


‘ost 28-day calendar pack, Indera! LA 26.66, Half-Inderal LA £4.48 PL Nos. 
f-Inderal БАЛЛИ? 73 "Trademark. "Inderal'is atrademark for 


“Indication 


| Angina, anxiety, essential t ( 
| thyrotoxicosis, prophylaxis 0! 
j migraine. 





| Mild to moderate hypertension. 
| Asa starting dose or where a 
gentler: approach is desirable. 





Mild to moderate hypertension 
the majority of patients. 








| een where extra control 


‘Inderex’: abridged preseri ng | 
hypertension. Contraindications Heart bl k: Bro: 
thiazide se’ ity: Prolonged fasting. bolic: à 
cardiac failure. Bradyeurdia. Modifieation of. tachy 
Transference from. or discontinuance’ of. ctonidine, 
antiarrhythmic agents. Co-administration wit г 
patients. Hepatic. cirrhosis. with ascites. 

preparations. Anaesthesia. 

Hydrochloride Cold extremities. 

usually transient isolated cases of paraeit 

been reported with beta-blockers. Consid n! 
befa-blocker therapy “should "be gradual 
Hyperuricaemia. Rare: reports. of rashes, neers 

blood dyscrasias andaggravation of E 


Basic NHS cost 26-day сај r pack £744 PLN 


for propranolol hydrochloride: BPina longactingformul lic 





information is available from: Imperial Chemical Industries PLC. ürmaceuticals Division, Alderley House, Alderley Park. Мас lest 





VI British Heart Journal April 1985 











Introducing 


MONO-CEDOCARD 
(isosorbide 5-mononitrate) 





For better 
control of angina 


Tillotts’ dependable Cedocard line 
now includes this new mononitrate dosage form 


N i 


шз м rescribing information is available upon request from 
Tillotts Laboratories, Henlow Trading Estate, Henlow, Beds. 


Review 


Br Heart F 1985; 53: 363-73 


Plaque fissuring—the cause of acute myocardial 
infarction, sudden ischaemic death, and crescendo 


angina 
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From the British Heart Foundation Cardiovascular Pathology Unit, St George's Hospital Medical School, London 


. The clinical management of acute myocardial infarc- 
tion and crescendo angina as well as the prevention of 
sudden ischaemic death require accurate knowledge 
of the underlying arterial pathology. It is on just this 
aspect that until recently there has been disagreement 
particularly among pathologists. In brief, this con- 
troversy was concerned with whether coronary artery 
thrombi were or were not directly responsible for all 
three clinical pictures of acute ischaemia. 

Resolution of the controversy has been derived 
from coronary angiography in life in patients with 
acute infarction and crescendo angina and from 
detailed pathological studies. These latter studies dif- 
fer from many carried out previously by the use of 
postmortem coronary angiography and histological 
reconstruction of the microanatomy of occlusive 
lesions. 


Findings in life 


Clinical angiography has shown that the incidence of 
occlusion in the coronary artery supplying a myocar- 
dial infarct is very high during the early period after 
the onset of symptoms. Figures of around 9096 are 
consistently reported within an hour of the appear- 
:ance of electrocardiographic changes of infarction, 
but the incidence of acute occlusions thereafter falls to 
around 50% at 12-24 hours.! ? The implication is that 
blood flow has been restored by natural processes 
which, judged by their rapidity, can only be by lysis 
of thrombus or relaxation of spasm or a combination 
of the two. À number of clinical angiographic 
appearances—including persistent retention of con- 
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trast medium by intraluminal material, an irregular or 
lobulated margin to the occlusion, and filling defects 
within the lumen—have been taken to indicate a 
thrombotic occlusion. In postmortem coronary 
arteriograms areas of stenosis with ragged margins 
and intraluminal transluscency have been shown to be 
a reliable indicator of the presence of thrombus.^ The 
success of either intracoronary streptokinase infusion 
or systemic streptokinase-plasminogen activator in 
restoring arterial patency strongly suggests that 
thrombus is a major element in the occlusion. Flow 
can be restored in 72-9696 of such cases?5 8 using 
intracoronary infusion and in 45-65% of cases using 
intravenous infusion of fibrinolysins.? Fibrinolytic 
agents that specifically bind to recent thrombus!? may 
well improve the latter rate. As the arterial flow is 
restored by fibrinolysis a sequence of angiographic 


appearances develops which includes all those taken to 


indicate the presence of thrombosis.) !!^!3 Such 
appearances, in particular intraluminal filling defects, 
would be most unlikely to occur if the occlusion had 
been due purely to spasm of an atheromatous artery. 

After fibrinolysis, in most cases but not all, a high 
grade stenotic lesion is usually found in the artery 
supplying the area of infarction.$7!*15 After 
fibrinolysis thrombosis recurs in up to 25% of 
cases, 81112 particularly in those with the higher 
grades of residual stenosis. 16 

In crescendo angina, the causative role of thrombus 
is less firmly based, but angiographic appearances 
suggesting non-occlusive (mural) thrombus to be 
present have been found in 85% of cases!7~! or even 
in all саѕеѕ.2 In cases where an acute infarct has 
developed complete arterial occlusion has been 
found.!! 19 The beneficial effect of aspirin treatment 
in reducing the risk of sudden death and acute infarc- 
tion in cases of crescendo angina also points to an 
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underlying thrombotic process.?! 

Thus there are compelling reasons to believe that 
thrombus plays a major role in both acute myocardial 
infarction and in crescendo angina. What has been 
added by these clinical studies is the evidence that 
thrombosis is a rapidly changing dynamic process 
reflecting equally rapid changes in the arterial lesion. 


Necropsy findings 


Recent pathological studies, in which the coronary 
thrombi found in fatal cases of acute myocardial 
infarction were reconstructed from serial histological 
sections, have shown that virtually all were related to 
rupture or fissuring of atheromatous plaques.?? 2? 
Rupture of a plaque leads to free communication be- 
tween the lipid content of the plaque and the blood 
flowing within the arterial lumen. Dissection by blood 
from the lumen into the plaque, in many cases, results 
in a large intraintimal thrombus rich in platelets. Over 
the site of rupture thrombus develops within the 
lumen and often propagates distally into segments of 
the artery without significant intimal disease. Such 
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studies emphasise that the head of the thrombus in 
relation to the plaque is different from the thrombus 
propagating distally?*; the former is rich in platelets, 
the latter contains-a higher proportion of fibrin. These 
postmortem studies have usually been carried out in 
cases where a large regional infarct is found at nec- 
ropsy and the coronary artery is totally occluded, the 
patent having lived for at least 24 hours after the 
onset of symptoms. 

Study of patients who die suddenly of ischaemic 
heart disease?* shows that 95% of such cases have ап 
acute evolving coronary arterial lesion. These lesions 
are also atheromatous plaques undergoing fissuring or 
rupture. All the clinical angiographic appearances 
regarded as indicating thrombosis are present also in 
postmortem angiograms in sudden ischaemic death 
(Figs. 1 and 2). Histological examination confirmed 
that in 74% of cases there was recent thrombus pres- 
ent in the lumen, but this did not necessarily totally 
occlude the vessel. In a further 2196 there were plaque 
fissures with recent thrombi within the intima but not 
in the lumen. Compared with that in patients dying in 
hospital with established myocardial infarction the 


Postmortem angiogram of a man aged 44, who had no previous history of angina 


and was extremely fit. During a game of squash he suddenly felt unwell with chest pain and 
died 30 minutes later. The left anterior descending artery divided into two major branches 
immediately after the origin. One of these showed an intraluminal filling defect (arrow) 
associated with an irregular intimal outline. Histology confirmed a fissure of a plaque with 
overlying thrombus. The remainder of the coronary artery tree was angiographically and 


histologically normal. 
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incidence of a totally occlusive thrombus with distal 
propagation is low in sudden ischaemic death. Thus 
the lesions in the coronary arteries in cases of sudden 
ischaemic death are essentially the same as those 
found in cases of acute infarction but have a lesser 
degree of intraluminal thrombus formation. 


Events in a dynamic process 


Taking these clinical and pathological findings 
together a probable sequence of events can now be 
proposed. Atheromatous plaques, as seen in arteries 
distended and fixed at physiological pressures, bulge 
outward toward the media?*?? (Fig. 3). In lipid rich 
plaques there is a crescentic mass of cholesterol and its 
esters, the lipid pool, separated from the lumen by 
fibrous tissue. This fibrous cap is often thinnest over 
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Fig.2 Postmortem angiograms showing 
plaque fissures with associated 
intraluminal thrombus. All three patients 
died within one hour of the onset of 
symptoms. In (a) there is a high grade 
stenosis of a major branch of the left 
anterior descending artery. The proximal 
margin of the stenosis has a smooth edge, 
but on the distal margin (arrow) there is 
an irregular intraluminal filling defect. In 
(b) there is a large intraluminal filling 
defect in the right coronary artery. The 
proximal margin (arrow) shows a straight 
edge with some injection medium outside 
the lumen. In (c) there is a translucent 
(arrow) line projecting into the lumen with 
a small linear intraluminal filling defect. 
In all three cases good distal filling of the 
vessel was present. 


the points of the crescentic shaped plaque. Rupture of 
the fibrous cap (Figs. 4—6) allows dissection into the 
intima by blood from the lumen into the lipid pool of 
the plaque. A mass of thrombus rich in platelets, but 
also containing some red cells and fibrin, forms within 
the intima and leads to considerable expansion of the 
plaque. Over the site of rupture, thrombus forms in 
the lumen but this mass of luminal thrombus initially 
does not occlude the lumen but waxes and wanes in 
size over hours or even days. The amount of throm- 
bus forming within the lumen is not always directly 
proportional to the magnitude of the exposure of lipid 
in the plaque. Some patients (Fig. 7) may have a mas- 
sive thrombotic response within the lumen with mini- 
mal fissuring. Ultimately, the intraluminal thrombus 
may grow to become totally occlusive or be com- 
pletely lysed and the plaque fissure reseal, stabilising 
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Fig. 3 Transverse histological section of a coronary artery perfused and fixed at 


100 mm Hg. No significant stensosis is present. The lumen contains angiographic medium 
and is round in outline. The plaque (AP) is a crescentic mass of free lipid in the intima. The 
lipid pool is separated from the lumen by a fibrous cap which is thinnest over one point of the 


crescent (arrow). 


the atheromatous plaque, albeit now considerably 
larger than before. By these processes patients with 
crescendo angina or those who suffer sudden 
ischaemic death have coronary artery lesions in the 
earlier stages of plaque fissuring. Patients who 
develop an established regional infarction are those in 
whom the thrombus had occluded the lumen at least 
for long enough to induce myocardial necrosis (Figs. 8 
and 9). Experimental evidence suggests that this may 
need to be only 18 minutes of total occlusion.?* 

The basic arterial pathology of sudden ischaemic 
death and acute myocardial infarction is thus identi- 
cal, only differing in being at different stages of the 
same process. The question is now posed as to why 
some patients should suddenly die of ventricular 
fibrillation before the arterial lesion is fully occlusive. 
Here the pathologist can give no firm answer but only 
hypothesise. In a small proportion of cases dissection 
from the lumen into the intima raises a tissue flap 
giving a degree of mechanical obstruction. In a larger 
proportion of cases the plaque has been suddenly 
increased in volume by thrombosis within the intima 
and in such circumstances the plaque encroaches on 
the lumen to the extent of suddenly increasing the 
degree of obstruction. When thrombus develops 
within the lumen it is a potential source of platelet 
emboli into small vessels in the myocardium. Some 


investigators have reported a high incidence of 
platelet emboli within the myocardium at necropsy in 
cases of sudden ischaemic death.?? 39 Sudden death 
may thus be the myocardial equivalent of transient 
cerebral ischaemic attacks due to platelet emboli aris- 
ing from fissured and ulcerated atheromatous plaques 
in the carotid arteries. Finally, tearing of the intima 
and consequent deposition of thrombus could invoke 
local arterial spasm. An element of spasm in the total 
occlusions causing myocardial infarction has been 
reported?! but is probably rare.!? [t seems certain that 
many patients do survive plaque fissuring without 
developing any clinical symptoms, and myocardial 
susceptibility to ventricular fibrillation must be an 
important and additional factor in precipatating sud- 
den ischaemic death in certain individuals. 

By this concept of the vascular pathology the three 
acute cardiac ischaemic presentations have a common 
basis (Fig. 9). Patients with a plaque fissure but who 
escape the three acute clinical expressions will be left 
with atheromatous plaques far larger than previously, 
and such episodic plaque growth?? is an important 
factor in the developement of stable angina. 


Previous contradictions explained 


If the proposed mechanisms are true then much in the 
past that has apparently been contradictory can be 
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Fig. 4 Transverse histological section of a fissured plaque (AP) (a) with accompanying 

diagram (b). Angiographic medium is present in the lumen (L); despite the vessel having 

been perfuse-fixed the plaque bulges into the lumen. A fissure extends from the lumen into the mus % 
plaque, which contains a mixture of angiographic medium and thrombus (T). No э 84g à 
intraluminal thrombus is present at this point. 1, intima; M, media. iir 
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Fig. 5 An adjacent distal histological section shows the plaque (AP) is smaller at this point 
but still contains injection media and thrombus (T). Mural thrombus (arrows) is present 
projecting into the lumen and attached at the intima close to the fissure site. 


explained. If thrombi evolve and regress over a rela- 
tively short period of time a pathologist carrying out a 
necropsy cannot have a precise picture of the state of 
the coronary arteries some days earlier when the 
patient first developed chest pain. Those pathological 
series reporting a high incidence of coronary 
thrombi3?~ 3° are biased towards patients with large 
regional infarcts dying in hospital. It is just such cases 
that have major plaque fissures with persistent total 
occlusion and inexorable distal propagation of throm- 
bus. Series that report a lower incidence of throm- 
bosis}?~4° probably contain a higher proportion of 
cases with smaller infarcts or even sudden death, in 
which the associated plaque fissure was less major and 
intraluminal thrombus smaller. These smaller 
thrombi may have spontaneously lysed before death 
or not been discovered at necropsy. 

The acute arterial lesions associated with sudden 
ischaemic death are smaller than those of regional 
infarction and require more technical expertise for 
their demonstration. As there is usually no infarct 
recognisable at this stage the pathologist is not 
focused to examine a particular artery. Few of the 
reported studies of sudden ischaemic death have used 
techniques that would demonstrate the arterial 
pathology with certainty. Postmortem arteriography 
is almost certainly necessary unless the pathologist is 
unusually meticulous. Larger, more easily detected, 


thrombi are likely to be present in patients who have 
lived longest from the onset of symptoms, and this is 
the explanation of the often quoted work of Spain and 
Bradess,*! who found the incidence of coronary 
thrombi to rise with the time interval between the 
onset of pain and death. A study of sudden ischaemic 
death in which postmortem angiography was used 
found thrombi in a high proportion of cases with no 
relation to the time interval.?5 

Once it is accepted that distal propagation of 
thrombosis occurs from a proximal nidus the discor- 
dant reported results of radiolabelled fibrinogen 
studies are easily explicable. Erhardt etal gave 
radiolabelled fibrinogen to patients with acute infarc- 
tion as soon as possible after the onset of pain.*? 4 In 
those who died radiolabel was found at necropsy in 
the thrombus. These results led to the hypothesis that 
thrombus was secondary to and not the cause of 
infarction. This view was effectively quashed by 
Davies et al and Fulton and Sumner,?*** who by 
similar techniques showed the head of the thrombus 
over the plaque to be radionegative, the distal tail 
only being positive. This work is entirely in accord 
with the current pathological concept being pro- 
pounded. 

Clinical studies of patients resuscitated from appar- 
ent sudden death show that only a proportion 
developed acute myocardial infarction,*5 ** which has 
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Fig.6 Histological cross section of a major plaque rupture (a) and accompanying diagram 
(b). The plaque (AP) has a large defect їп thefibrous cap, through which a dumb bell mass 
of thrombus has formed, part being within the plaque and part virtually occluding the 
lumen. 
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Fig. 7 Minimal plaque fissuring associated with massive intraluminal thrombus. The 
plaque itself (AP) was very small, but injection media (arrow) passed easily into the lipid 
pool, which also contains thrombus. The lumen is occupied by a large mass of dark staining 
thrombus (T), which is mixed with injection media. 


been interpreted as indicating that sudden ischaemic 
death” is bimodal—a group with coronary thrombosis 
and a group without. This view is probably an over- 
simplification, and it is more likely that every indi- 
vidual had a plaque undergoing fissuring but only a 
subset developed an intraluminal thrombus which 
was totally occlusive for long enough in time to cause 
infarction. In the remainder the intraluminal throm- 
bus was not of this magnitude and subsequently lysed 
allowing the plaque to restabilise. 

If it is accepted that plaque fissuring is a random 
event in lipid rich plaques there are some clinical 
corollaries. A proportion of patients with infarction or 
pending sudden death have been unfortunate enough 
to develop fissuring in one of the few plaques they 
possess. Their prognosis, if they survive, may be 
excellent without a further episode for many years. In 
contrast a patient with numerous plaques has a higher 
risk of repeated episodes. 

Those plaques which do undergo rupture usually 
have a large lipid rich pool. It is often assumed that 
these will cause sufficient stenosis to be recognised at 
clinical angiography. Study of the relation of the pre- 
vious degree of stenosis to thrombosis suggests that 
thrombosis tends to occur on plaques where the 
lumen has already been reduced by more than 50% by 
diameter.*° It is, however, very difficult to measure 
accurately the previous stenosis caused by a plaque 


that has extensively fissured. Data on the degree of 
stenosis present in clinical angiograms after treatment 
of coronary thrombosis by fibrinolysis do not contri- 
bute since the plaques in question will have been 
enlarged by a sequestered acute intraintimal throm- 
bus. It is far from clear what effect lysis has, if any, on 
this intraintimal component. The residual stenosis 
does, however, decrease over days or weeks suggest- 
ing that remodelling of the plaque must occur.’ 
Pathological studies of cases of sudden death,?5 how- 
ever, do suggest that fissuring can develop in plaques 
which are causing less than 50% stenosis by diameter. 
If such individuals develop a minor fissure over which 
a large thrombus develops which is subsequently 
lysed an angiographic appearance results which may 
be interpreted as normal. This process probably 
explains an unknown proportion of patients in whom 
infarction occurs with apparently normal arteries and 
is an alternative explanation to spasm as the causative 
factor.47~49 


Process of plaque fissuring 

Plaque fissuring is not a recent dicovery; its impor- 
tance, however, is only now being fully appreciated. 
Throughout the last 60 years there has been con- 
siderable interest in the acute changes in plaques 
that initiate thrombosis. In 1926, Benson found 
that thrombi in the coronary arteries arose on 
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Fig. 8 Diagrammatic representation of the evolution of a 
plaque fissure either to reseal and stabilise or to progress to 
thrombotic occlusion. 


the intima overlying plaques which had physically 
broken allowing, in his words, ‘dissecting haemor- 
rhage from the lumen into the plaque." 5? Since that 
time many others have confirmed these lesions 
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describing them as tears, breaks, ulcers, or ruptures 
of atheromatous plaques.5! 5? An early study of 32 
coronary thrombi associated with myocardial infarc- 
tion showed all to be related to “ulceration” of the 
plaque.53 There was thus established the view that 
coronary thrombosis followed major physical disrup- 
tion of the intima exposing lipid to the flowing blood. 
By disruption was meant gaps many micrometres or 
even millimetres in size demonstrable by conventional 
microscopy. 

The basic principle was subsequently, and regret- 
tably, undermined. Paterson described free red cells 
to be present within atheromatous plaques and 
ascribed this “haemorrhage” to bleeding from small 
vessels entering the intima from the media.54 55 Pater- 
son concluded that plaque haemorrhage was common 
and usually unassociated with overlying thrombosis. 
Argument raged over whether bleeding from such 
transmedial vessels could cause plaque growth 
sufficient to occlude the lumen but, in general, it was 
thought that intraluminal pressure would limit the 
bleeding. То many authorities in the field,55 the work 
of Constantinides had finally re-established the impor- 
tance of fissures from the lumen.57 In 17 thrombi 
causing acute myocardial infarction reconstructed 
from serial sections cracks or fissures were found and 
“haemorrhage” in the plaque could be traced to an 
entry into the plaque from the lumen.5? A view per- 
sisted, however, in the minds of some that fissures 
were “artefacts.” This scepticism may be related to 
the ascendancy of the postulates of Duguid, who 
stated that fibrin within a plaque represented earlier 
surface thrombus incorporated into the intima.5* This 
view of the growth of atheromatous plaques would be 
seriously weakened if it were to be accepted that 
intraplaque thrombus formation occurs via a fissure 
from the surface into the core of the plaque. 


—————» Кеѕеа! 
——— ——b Organise 
——————» Organise 
> Recanalise 
organise 





Fig. 9 Relation between the clinical expressions of ischaemic heart disease and the stages of plaque fissuring. . 
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Conclusions 


It can now be appreciated that there are two quite 
different processes encompassed by the term “plaque 
haemorrhage." The fact that the media behind pla- 
ques becomes intensely vascularised and that these 
vessels enter the intima is beyond dispute.5? 9? Bleed- 
ing from such vessels crossing the media causes a 
limited number of red cells to lie free within the lipid 
pool of many plaques. No fibrin or platelets are pres- 
ent, and the process is almost ubiquitous in large lipid 
rich plaques. The second process is the presence of 
large numbers of red cells, masses of platelets, and 
considerable amounts of fibrin within the plaque. If 
serial histological sections are used these elements can 
be traced to an entry into the lumen via a fissure, 
although this may be closed by a mass of thrombus. 
The two processes must be clearly separated and the 
term intraplaque thrombosis is more applicable to 
that associated with fissures from the lumen. It is pla- 
que fissuring with related intraintimal thrombosis 
progressing to the formation of an intraluminal 
thrombus that is the important dynamic process 
unifying crescendo angina, acute myocardial infarc- 
tion, and sudden ischaemic death. 

It is difficult to escape the conclusion that the fail- 
ure of pathologists to think in terms of dynamic pro- 
cesses and to believe what was seen at necropsy was an 
immutable reflection of events in life that occurred 
days before has seriously hindered the understanding 
by clinicians of how atheroma produces acute clinical 
symptoms. 


This work was supported by the British Heart Foun- 
dation and Medical Research Council. 
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SUMMARY The prevalence of mitral valve prolapse was investigated in 126 patients with hyper- 
thyroidism due to Graves' disease or toxic nodular goitre and that of hyperthyroidism in 64 patients 
with mitral valve prolapse. One hundred and eleven asymptomatic healthy subjects comprised a 
control group. The patients with hyperthyroidism were divided into those with Graves’ disease and 
those with toxic nodular goitre. Of the group as whole, 12 (9-596) patients had mitral valve prolapse 
compared with six (5-496) in the control group, but the difference was not statistically significant. 
The prevalence of mitral valve prolapse in the patients with toxic goitre was also not significantly 
different from that in the controls. When the prevalence in the group with Graves’ disease was 
compared with that in the control group (16:396 vs 5-496) the difference was significant. Only one 
patient with mitral valve prolapse had hyperthyroidism. 


Since the first description by Barlow in 1963 of mitral 
valve prolapse, numerous reports have been pub- 
lished.!? The prevalence of the condition appears to 
be increasing partly owing to increased clinical aware- 
ness and partly to the increased use of echocardiogra- 
phy, and figures between 196 and 2196 have been 
reported in otherwise normal populations.3~ 5 Medical 
opinion of the clinical importance of mitral valve pro- 
lapse also varies. It ranges from being considered to 
have a poor prognosis owing to a high rate of 
arrhythmias and endocarditis’ 8 to-being considered as 
a normal anatomical variation of the mitral valve 
apparatus.’ Mitral valve prolapse has been reported 
associated with disorders such as Marfan’s syn- 
drome,!? osteogenesis imperfecta,!! and others.!2 13 
The prognosis is influenced by the causation of the 
mitral valve prolapse. Primary prolapse generally has 
a good prognosis while secondary prolapse, especially 
when due to occlusive coronary disease, is more seri- 
ous.!* Channick et al reported a very high incidence 
of mitral valve prolapse in patients with hyperthyroid- 
ism,!5 which is possibly related to increased 
adrenergic tone in both conditions. Our experience of 
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large numbers of hyperthyroid patients did not indi- 

cate such a high prevalence. We therefore decided to 

investigate a large population drawn from our endoc- 

rine and cardiological institutes in order to determine 

the prevalence of hyperthyroidism in patients with. 
mitral valve prolapse. 


Patients and methods 


Three groups of subjects were examined. 

Group 1 consisted of 126 hyperthyroid patients, of 
whom 99 (78-696) were women (age range 19-76 
(mean 44-8) years) and 27 (21-496) men (age range 
28—78 (mean 49-6) years). Most of the patients were 
euthyroid at the time of examination as a result of 
various treatments, and only a few were still hyper- 
thyroid. In this group 49 patients had Graves' disease 
based on a thyroid scan and the accepted clinical 
criteria of diffuse goitre and exophthalmos. Seventy 
seven patients had toxic nodular goitre. Patients with 
chronic or subacute thyroiditis were excluded. 

Group 2 consisted of 111 asymptomatic subjects 
drawn from our inpatient and outpatient population, 
of whom 88 were women (age range 15-88 (mean 46) 
years) and 23 men (age range 16—75 (mean 50) years). 
The proportions of men and women in this group 
were similar to those in group 1, and none had any 
endocrine or cardiac abnormalities. This group con- 
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Table 1 Frequency of mitral valve prolapse in 126 patients with Graves’ disease or toxic nodular goitre (group 1) and in controls 


(group 2) 


——————————————————————— 


Women / 











No (96) of Men Total No (96) 
patients - with MVP 
No (%) Mean No (%) Mean 
age (yr) age (yr) 
‘Group 1 
With Graves’ disease 49 (38-9) 39 (79-6) 51-9 10 (20:4) 444 8 (16-3) 
With toxic nodular goitre 77 (61-1) 61 (79-2) 53-3 16 (20-8)° 51-6 4 (5:2) 
Group 2 111 (100) 88 (97:3) 44-5 23 (20:7) 59:3 6 (5-4) 


МУР, mitral valve prolapse. 


stituted the control group, and in order to preclude 
any bias they were not examined for heart mürmurs. 

Group 3 consisted of 64 patients, of whom 32 were 
women (age range 18-62 (mean 28-5) years) and 32 
men (age range 15—69 (mean 31-2) years) with both 
auscultatory and echocardiographic evidence of mitral 
valve prolapse. R 

All the subjects in the three groups underwent 
thyroid function tests (total thyroxine (TT4) by 
radioimmunoassay, T3 resin uptake, free thyroxine 
index and both M mode and cross sectional echocar- 
diography, which were performed on a Smith Kline 
Echoline 20A echocardiograph with recordings made 
on a VR12 instrument.in both tlie parasternal long 
axis and apical four chamber views. The echocardio- 
grams were read by two experienced echocardio- 
graphers without prior knowledge of the diagnosis. 
The criteria for the diagnosis of mitral valve prolapse 
were mid systolic buckling or pansystolic hammock- 
ing >3 mm below the C-D line on the M mode 
echocardiogram and protrusion of the mitral leaflets 
beyond the plane of the atrioventricular ring in the 
long axis view and prolapse of the leaflets beyond the 
mitral annulus in the four chamber view on the cross 
sectional echocardiogram. 

Statistical analysis was performed with the x? test. 


Results 


Table 1 summarises the sex distribution of patients in 
groups 1 and 2. Group 1 was subdivided into those 
with Graves' disease (49 (38-996) patients) and those 
with toxic nodular goitre (77 (61-196) patients). The 
proportions of men and women were similar in the 
two subgroups. In the patients with Graves’ disease 


16:396 had mitral valve prolapse compared with only 
5-296 of those with toxic nodular goitre. In group 2 
(the control group), of 111 patients only six (5-496) 
had mitral valve prolapse. Of 64 patients already 
known to have mitral valve prolapse (group 3) only 
one was biochemically hyperthyroid but with no clini- 
cal manifestations. In both groups 1 and 2 the preval- 
ence of mitral valve prolapse was much higher in 
women (10/12 (83-496) and 6/6 (10096) respectively). 

Of the 12 hyperthyroid patients with mitral valve 
prolapse only one had a mid systolic click and a late 
systolic murmur. Four patients had a faint short sys- 
tolic murmur which was considered to be functional, 
and five had neither a click nor a murmur. Some of 
the other patients in group 1 without prolapse had 
minor murmurs but no clicks. 

Table 2 shows the thyroid function in group 1 at the 
time of examination; there was no difference in the 
occurrence of mitral valve prolapse in hyperthyroid or 
euthyroid patients (10-396 and 9-396 respectively). 
The frequency of mitral valve prolapse in patients 
with Graves' disease was significantly higher than in 
the controls (ҳ2=4:11, p<0-05). When the patients 
with Graves' disease were compared with those with 
toxic nodular goitre the difference was not significant 
(х?=3-09, 0-17 p» 0-05). Similarly the difference was 
not significant between the toxic nodular goitre group 
and the controls or between the hyperthyroid group as 
a whole and the controls. 


Discussion 
Channick et al surprisingly found a very high inci- 


dence of mitral valve prolapse in patients with hyper- 
thyroidism due to Graves’ disease (41% of 39 


Table 2 Thyroid function of 126 patients with hyperthyroidism (group 1) 








Thyroid state No (96) of No (96) of No (%) of Total No (%) 
patients women men with MVP 

Hyperthyroid 30 (24-6) 25 (86:2) 5 (17-2) 3 (10-3) 

Euthyroid 96 (75-4) 75 (77-3) 21 (21-6) 9 (9-3) 





` MVP, mitral valve prolapse. 
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patients).!5 One patient with toxic nodular goitre in 
this series also had mitral valve prolapse.!? Until this 
report, the connection between Graves' disease and 
mitral valve prolapse-was unknown. 

Graves' disease and mitral valve prolapse have some 
similarities, which could point to a common 
denominator. Graves' disease is seven times more 
common among women. The ratio of women to men 
with mitral valve prolapse in reported series varies 
from 1-4 : 1 in one study!$ to 3 : 1 in another.!? In our 
series 79-696 of the patients with Graves' disease were 
women, and mitral valve prolapse was found in a ratio 
of 4 : 1 in favour of women (Table 1). 

Genetic factors have been identified in Graves' dis- 
ease!? and also in mitral valve prolapse. Ап incidence 
of mitral valve prolapse of 5096 in monozygotic twins 
has been герогтей.!» 20 The condition was also found 
in identical twins.?! The peak incidence of Graves’ 
disease occurs during the third and fourth decades. 
Although seen in infancy,?? mitral valve prolapse 
becomes more evident in adult life, possibly owing to 
progressive myxomatous degeneration of the mitral 
valve apparatus as a consequence of ischaemic heart 
disease, connective tissue abnormalities, or trauma.! 

Graves' disease is known to be associated with the 
major histocompatibility antigens Bw35, DRw3, and 
В8.23 In patients with mitral valve prolapse some 
studies showed a higher prevalence of HLA-Bw35 
(7396 vs 3996 in controls), but only in American black 
subjects.24 Another study of predominantly white 
patients showed that the A3; Bw35 phenotype is quite 
specific for mitral valve prolapse.?? Nevertheless, in 
another study no HLA correlation was found in white 
subjects.?6 No ABO blood group specifity was found 
in American black subjects.?* Autoimmunity is a well 
known causative factor in Graves’ disease," and 
recently it has been mentioned also in the aetiology of 
mitral valve prolapse. Miklozek et al and Schlant et al 
reported that 20 out of a total 40 patients with mitral 
valve prolapse had a positive antinuclear factor com- 
pared with only 4% in a matched control group.?8 2° 
Several manifestations usually seen in autoimmune 
connective tissue disorders (joint pains, rheumatic 
fever, hair loss, Raynaud’s phenomenon, and 
pleuritis) were found in these patients. 

For many years the cardiac manifestations of hyper- 
thyroidism were thought to be mediated by 
catecholamines or hyperthyroidism to be associated 
with an increased adrenergic tone.3° Aoki et al sug- 
gested that the cardiac effects of hyperthyroidism 
were due to the direct effect of thyroid hormones?! 
rather than induced by catecholamine hypersensitiv- 
ity. On the other hand, Boudoulas et al found 
increased catecholamine concentrations and higher 
adrenergic tone in patients with mitral valve pro- 
lapse.?? In the present study the incidence of hyper- 
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thyroidism was negligible in a large group of patients 
with mitral valve prolapse, as found also by others.?3 
Whatever the relation between these two disorders, 
therefore, it is probably not due to increased 
adrenergic tone. 

In our study we confirmed the findings of Channick 
et al!5 of a higher prevalence of mitral valve prolapse 
in patients with Graves' disease. Although the 
number of patients that we examined was larger, the 
proportion of patients with mitral valve prolapse was 
smaller but still significantly larger than that in 
euthyroid controls. Moreover, mitral valve prolapse 
was no more frequent in patients with toxic nodular 
Boitre than in the controls. 
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independent coronary risk factor? 
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SUMMARY The importance of a positive family history as a primary risk factor for coronary heart 
disease was examined in a case history study. Of 792 consecutive male patients aged under 60 years 
who survived a first episode of unstable angina or myocardial infarction, 326 had a negative family 
history, 298 had a positive history, and in 168 a family history could not be established with 
certainty. There was no significant difference in the distribution of the three primary coronary risk 
factors—cigarette smoking, hypertension, and hypercholesterolaemia—between those with and 
those without a positive family history. The 133 subjects with a positive family history of premature 
coronary heart disease (occurrence in near relatives under 60 years) were significantly younger than 
those with a negative family history. 

It is concluded that there is little evidence to confirm a positive family history as an important 
independent risk factor for coronary heart disease, although there may be familial aggregation of 
subjects with a high susceptibility to the effects of the three primary risk factors, cigarette smoking, 


hypertension, and hyperlipidaemia. 


Although a positive family history is widely accepted 
as an independent risk factor for coronary heart dis- 
ease, there is little published evidence to support this 
view. It has been suggested that the aggregation of 
coronary disease in families can be attributed to the 
high prevalance of the condition in Western society 
and to family aggregation of coronary heart disease 
risk factors, including hyperlipidaemia, hypertension, 
obesity, smoking, and diabetes. 

There are three ways in which a positive family 
history might be related to the development of coro- 
nary heart disease: (a) as an index of the inheritance of 
risk factors; (b) as a truly independent risk factor; and 
(c) as a vulnerability factor potentiating the action of 
risk factors. 

Studies of familial aggregation of coronary heart 
disease are usually either case-control studies of its 
prevalence in the relatives of patients and of matched 
controls! or prospective studies at population level.? 
An alternative approach is to examine the risk factor 
profiles of patients with established coronary heart 
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disease. If we take the occurrence of the first acute 
coronary event.as marking a definable stage in the 
progress of the disease we may make specific predic- 
tions about the relation between family history and 
other risk factors in patients at this stage of disease 
progression. 

If family history of coronary heart disease is simply 
an index of the inheritance of one or more risk factors, 
we would expect to find a different risk factor profile 
in patients with a positive history. If, on the other 
hand, a positive family history is an independent risk 
factor for coronary heart disease we would expect to 
find lower frequencies of other acknowledged risk fac- 
tors among patients with a positive history than 
among those with a negative history. The third possi- 
bility is that family history acts as a potentiating factor 
to one or more risk factors—for example, by the gene- 
tic transmission of a tendency to narrow blood vessels. 
In this case, we would expect to see the same combi- 
nation of risk factors in patients with and without a 
family history, but we would expect the former group 


- to be younger at the time of their first acute episode. 


The aim of this study was to examine the risk factor 
profiles of survivors of a first episode of unstable 
angina or myocardial infarction to determine whether 
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they provided support for any of the models outlined 
above. 


Patients and methods 


Cases were drawn from the St Vincent’s Hospital 
Heart Study. This is a long term follow up study of 
"consecutive 28 day survivors of a first acute episode of 
coronary heart disease. Cohort 1 was recruited be- 
tween 1965 and 1975 and cohort 2 between 1978 and 
1983. The patients included in the present analysis 
were male and aged under 60 years and had survived a 
first episode of unstable angina or myocardial infarc- 
tion by 28 days. Patients with unstable angina were 
included only if, in the presence of typical cardiac 
pain at rest, they had serial ST-T changes in the elec- 
trocardiogram with either no increase or a less than 
twofold increase in cardiac enzyme activities (creatine 
kinase, lactic dehydrogenase, and aspartate amino- 


transferase). Myocardial infarction was diagnosed on . 


the basis of cardiac pain at rest with new Q waves in 
the electrocardiogram or at least a twofold rise in car- 
diac enzyme activities or both. 

Family history ‘of coronary heart disease was 
defined as one or more of the patient's parents or 
siblings having an acute episode of coronary heart dis- 
ease or having angina of effort. Additional informa- 
tion on family history was available for patients in 
cohort 1 allowing a comparison to be made between 
patients without a family history and those of whom at 
least one parent or sibling under the age of 60 had had 
an acute event or angina of effort. Two analyses were 
therefore performed, one comparing patients without 
a family history with those with a positive history, the 
other comparing patients without a family history 
with those with a family history of premature coro- 
nary heart disease. In several instances the family his- 
tory could not be rated confidently because of early 
parental death, loss of contact with family members, 
or similar reasons. Such patients were excluded from 
the study. Table 1 shows distribution of family his- 
tory of coronary heart disease for the two analyses. 

Other risk factors were defined as follows: cigarette 
smoking was rated as 0, for non-smokers; 1, for ex- 
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smokers, and 2, for current smokers. Ап ex-smoker 
was defined as not having smoked for three months or 
more before the admitting episode. The relation of 
weight to height was calculated using Quetelet's body 
mass index, which is the ratio between the patient's 
weight (in kg) and his height squared (in m?). Total 
serum cholesterol concentration was assayed from a 
blood sample usually taken within 12 hours of the 
onset of an attack. Hypertension was diagnosed in 
patients fulfilling at least one of the following criteria: 
(a) a diastolic blood pressure >90 mm Hg during 
hospital stay; (6) a diastolic blood pressure consis- 
tently >110 mm Hg measured at the outpatient clinic; 
(c) treatment for hypertension before the admitting 
episode, or (d) the presence of at least two of the 
following: a past history of hypertension, electrocar- 
diographic evidence of left ventricular hypertrophy, 
or hypertensive retinopathy. 

All the factors were examined individually for dif- 
ferences between family history groups and simul- 
taneously by means of discriminant function analysis. 
А discriminant function produces the optimal combi- 
nation of a number of measures for the purpose of 
discriminating between a number of subgroups. 


Results 


Risk factor data were available for 792 patients who 
fulfilled the entry criteria. These comprised 553 con- 
secutive admissions between 1965 and 1975 inclusive 
(cohort 1) and 239 consecutive admissions between 
1978 and 1982 inclusive (cohort 2). Table 1 shows the 
distribution of family history of coronary heart disease 
in the two cohorts. One hundred and sixty eight 
patients were unable to provide enough information 
for us to rate family history with certainty and were 
excluded from the analysis. Of the remaining 624, 326 
(5296) had a negative family history. 

Table 2 shows the distribution of the individual risk 
factors between the two family history groups. In the 
first analysis, in which subjects with a positive history 
were compared with those without, levels of indi- 
vidual risk factors were similar in both groups, with 
the exception of serum cholesterol concentration; the 


Table 1 Distribution of family history of coronary heart disease (CHD). Figures are numbers (96) of subjects 





Coronary heart disease Cohort 1 
Negative history 236 (42- 
Doubtful history 135 (24.4 
History in parent or sibling: 
Aged =60 49 (8-9) 
Aged «60 133 (24-0) 
Any age 182 Боду 
Total 553 (100) 


NA, not applicable. 
*Data compared in analysis 1. 
Data compared in analysis 2. 








Cohort 2 Total 
90 (37-7) 326 (41-2)* 
33 (13-8) 168 (21-2) 
NA 
NA 
116 tl 298 (37-6)* 
239 (100) 792 
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Table2 Distribution of risk factors in relation to negative or positive family history 

Analysis ГЇ Analysis 24 

Negative Positive Negative Positive 
Number of cases 326 298 236 133 
% of current smokers 71:8 65-1 75-4 70-7 
% of patients with known hypertension 172 141 15-7 18-1 
Mean cholesterol concentration (mg/100 ml) 244-6 253-4 252-1 2605. 
Mean age (years) 50-9 50:2 51-2 49-5 
Mean body mass index 24.8 25-2 24-8 25:0 





*Significant: t=2:29, df=252, р= 0:023 (separate variance estimate); no other differences significant. x? test (smoking, hypertension), and 


ouped t test (cholesterol, age, body mass index) used. 
fal negative cases vs all positive cases. 


Negative cases vs coro 


heart disease in parent or sibling <60 years for cohort 1. 


Conversion: traditional to SI units—cholesterol: 1 mg/100 ml~0-026 mmol/l. 


subjects without a family history had a cholesterol 
concentration 0-2 mmol/l (9 mg/100 ml) lower than 
those with a positive history. This difference was of 


borderline significance (t=1:76, p=0-079, separate. 


variance estimate used). In the second analysis, in 
which subjects with a family history of premature dis- 
ease (in a near relative under 60 years) were compared 
with those with no family history, the distribution of 
risk factors was again similar in both groups, but the 
mean age of those with a positive history was 1-7 years 
lower than that of subjects with a negative history 
(p=0-023). No difference in mean cholesterol con- 
centration was found between the two groups. 

Attempts to find a characteristic risk factor profile 
that distinguished subjects with a positive family his- 
tory from those without, using discriminant function 
analysis, were unsuccessful. Using age, cholesterol 
concentration, body mass index, smoking status, and 
hypertension, stepwise functions were calculated. 
The optimal combination of these factors explained 
only 1:75% of variance between positive and negative 
family history groups. When subjects with a negative 
history were compared with those with a history of 
premature coronary heart disease, the percentage of 
variance explained rose to 2-1696, but the function 
was only able to classify subjects into the appropriate 
family history groups with 55% accuracy—that is, 5% 
better than chance expectancy. 

In addition, we examined the risk factors of the 
subjects in whom a firm rating of family history could 
not be made. They did not differ significantly from 
other subjects in any of the factors studied. 


Discussion 


There is a well established aggregation of coronary 
risk factors and of cases of coronary heart disease in 
families. This may be attributed to the frequency of 
the condition in Western society, to a shared family 
environment, to a genetic susceptibility to the effects 
of individual risk factors, to a greater predispostion to 
individual risk factors, to a primary genetic predispo- 


sition to atherosclerosis, or to a combination of two or 
more of these factors. The concept of a genetic pre- 
disposition has occupied the minds of previous 
authors, but no agreement has been reached about the 
importance of family history as a primary risk factor. 

Epstein, in earlier reviews, states that there is little 
support for the unqualified statement that “the family 
history is important” in predicting the risk of coro- 
nary heart disease in the individual.’ 5 He does imply, 
however, that the clustering of hyperlipidaemia and 
hypertension in families is not sufficient to account for 
the entire aggregation of cases of coronary heart dis- 
ease within families. The clustering of known or 
unknown risk factors, including cigarette smoking, 
diabetes, and obesity, may possibly contribute further 
to family aggregation. 

McKusick, in an earlier review, states that among 
the few twin studies of clinical coronary heart disease, 
the majority are consistent with the hypothesis of an 
important genetic factor.” He quotes studies of mono- 
zygotic twins living together and apart, which would 
support the influence of both environmental and 
genetic factors. 

The Western Collaborative Study reported that a 
positive family history was independently predictive 
of coronary heart disease only in men aged less than 
50 years.? In the Paris Prospective Study of 7484 men 
it was found that a paternal, but not a maternal, his- 
tory was independently predictive of coronary heart 
disease.? In a study of 186 pairs of brothers in 
Framingham coronary heart disease in an older 
brother was predictive of both non-fatal and fatal 
myocardial infarction in the younger sibling, after 
controlling for cholesterol concentration, cigarette 
smoking, and hypertension. !° 

Ten Kate et al report a case control study of 145 
male survivors of myocardial infarction matched with 
145 apparently healthy male blood donors and com- 
pared with an equal number of first degree relatives of 
both groups.! They conclude that family aggregation 
of coronary heart disease is not entirely explained by 
clustering of known risk factors. They state that such 


Family history of coronary disease 


an aggregation could be caused by undefined genetic 
factors, by environmental factors, or by a combina- 
tion of both. 

In a recent study involving a nine year follow up of 
4014 healthy men and women, Barrett-Connor and 
Khaw found that men under 60 years with a positive 
family history had higher mean blood pressure and 
plasma cholesterol concentrations than those with a 
negative history, while older men with a positive his- 
tory had a higher incidence of diabetes.? Young 
women with a positive family history were more likely 
to smoke cigarettes and older women to have taken 
exogenous oestrogens. They: found that, in younger 
men only, a positive family history was independently 
predictive of death from cardiovascular and all causes 
but not from coronary heart disease. On the other 
hand, a prospective study of 4050 men in Finland 
failed to show any association between family history 
of premature coronary heart disease (under age 50) 
and risk of either stroke or myocardial infarction!! 
when other risk factors were controlled for. 

Our own results fail to elucidate the problem, but 
they do not support the hypothesis of a genetic 
influence as an independent risk factor. The non- 
significant but higher cholesterol concentrations in our 
patients with a positive family history do not 
exclude the possibility of a subgroup of patients with a 
genetic tendency to hyperlipidaemia, and the younger 
age of patients with a positive family history of prema- 
ture disease is consistent with an inherited susceptibil- 
ity to the action of coronary risk factors. Our results, 
however, like those of previous studies, serve mainly 
to emphasise the uncertainties that still exist about the 
importance of a family history and to point to the need 
for further research into this area. It is possible that a 
definitive answer may not be found to the question 
because of the difficulties inherent in studies of this 
type, in which a primary risk factor must be distin- 
guished from a genetic tendency to acknowledged risk 
factors, an increased susceptibility in some families to 
the effect of such risk factors, and the shared 
environmental influences that exist within families. 
The situation may be compounded further by the 
probability that two or more of these factors may be 
operative and by the fact that the family history status 
may change with the development of new cases of 
coronary heart disease in family members. 

Perhaps the only, and certainly the most important, 
conclusion that can be drawn from our study of a large 
group of patients and from previous studies is that a 
positive family history is not an independent primary 
risk factor of the same magnitude as hyperlipidaemia, 
hypertension, or smoking. This is supported by the 
results of migration studies and by our own study of 
risk factors in 757 male patients under 60 years with a 
first myocardial infarction.!? Only 14 of these patients 
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were free of the three primary risk factors (never 
smoked cigarettes, had normal blood pressure, and 
had a serum cholesterol concentration «6:2 mmol/l 
(240 mg/100 ml). Of these 14, seven had a negative 
family history, three had a positive history, and in the 
remaining four the patient could not give sufficient 
information to make a rating with certainty. 

Patients with a family history of coronary heart 
disease—if they are free of the acknowledged risk fac- 
tors of cigarette smoking, hypertension, and 
hyperlipidaemia—can, we believe, in the context of 
current knowledge, be reassured about their risk of 
developing clinical coronary heart disease. 
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Family history of myocardial infarction as an 
independent risk factor for coronary heart disease 
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SUMMARY The hypothesis that a family history of heart attack before the age of 60 years is an 
independent risk factor for coronary heart disease was examined in a random sample of 1044 men 
aged 40-70. Data on personal and family history, smoking, weight, height, plasma lipid and lipopro- 
tein concentrations, blood pressure, and resting and exercise electrocardiograms were collected 
according to the standard Lipid Research Clinics protocol. A history of heart attack in first degree 
relatives was ascertained by interviewing the participants. Evidence of coronary heart disease was 
found in 123 men (reported heart attack in 20, electrocardiographic findings of ischaemic heart 
disease at rest in 40, and electrocardiographic findings during heart rate limited exercise in 63). 
Subjects with coronary heart disease had considerably higher concentrations of total cholesterol, 
higher blood pressures, and lower concentrations of high density lipoprotein cholesterol than those 
without. Twenty nine per cent of the subjects with coronary heart disease reported a history of heart 
attack in a first degree relative before 60 years of age compared with 19% of those without. In a 
multivariate logistic model, the coefficients for age, cholesterol concentrations, and hypertension 
were all positive and statistically significant. The coefficient for HDL cholesterol concentration was 
negative and significant. A family history of heart attack showed a significant positive association, 
indicating a relation with coronary heart disease that is independent of the other variables in the 
model. The relation persisted in apparently asymptomatic patients with coronary heart disease. 


There is ample evidence that coronary heart disease 
tends to cluster in families.!~4 The major documented 
risk factors for the development of coronary heart dis- 
ease have important genetic determinants.5 ^5 They 
may account for most of the familial aggregation of 
coronary heart disease." !! 'The question arises 
whether the aggregation of coronary heart disease is 
due to factors other than the familial aggregation of 
the established coronary heart disease risk factors. A 
family history of heart attack or coronary heart disease 
was shown to be a strong predictor of coronary heart 
disease even after adjustment for other risk factors.!? 
The present report includes data from the Jerusalem 
Lipid Research Clinic Prevalence Study.!? The objec- 
tive of the present study was to evaluate the associa- 
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tion of a history of heart attack before the age of 60 
years in first degree relatives with the prevalence of 


‘coronary heart disease in study participants and to test 


the hypothesis that this association is independent of 
other risk factors. 


Subjects and methods 


STUDY POPULATION 

The basic design of the Jerusalem Lipid Research 
Clinic has been described in detail.!? At the prelimi- 
nary examination 8646 boys and girls, aged 17 years, 
were interviewed at their military induction health 
examination. À 5696 random sample of their parents 
were also invited to attend; these subjects formed the 
basis of the study group. At this visit sociodemo- 
graphic information and data on the reported use of 
medications were collected and fasting plasma choles- 
terol, triglyceride, and high density lipoprotein 
(HDL) cholesterol concentrations were measured. Of 
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the total of 6952 parents who were examined at the 
first visit, a random sample of 4496 of the fathers and 
2096 of the mothers were invited for a second more 
extensive examination. The attendance rates were 
72-0% and 79-796 at the two examinations. At the 
second visit detailed information on the use of medi- 
cations, diet during the 24 hour period before exami- 
nation, alcohol consumption, and cigarette smoking 
as well as medical and family history were recorded 
according to the standardised Lipid Research Clinics 
protocol.!4 The examination included determination 
of plasma cholesterol, triglyceride, and lipoprotein 
cholesterol concentrations, including low density 
lipoprotein (LDL) and HDL cholesterol, blood pres- 
sure and anthropometric measurements, and a resting 
and exercise electrocardiogram. Blood pressure was 
measured four consecutive times using the conven- 
tional mercury sphygmomanometer for the first and 
third measurements and a zero muddler device for the 
second and fourth. Blood pressure was measured on 
the right arm with the subject seated. The systolic and 
the fifth phase diastolic pressures were recorded. For 
this analysis the mean of the two standard readings 
was used. Hypertension was defined as systolic blood 
pressure 2140 mm Hg or diastolic pressure 290 mm 
Hg or the use of antihypertensive medication by the 
subject. The Quetelet index (weight/height?) was used 
as a measure of body mass. 


FAMILY HISTORY 

At the second visit, data on the subjects’ family health 
history were collected by a trained interviewer using 
the Lipid Research Clinics standardised question- 
naire.!4 A series of questions provided information on 
the occurrence of myocardial infarction or angina pec- 
toris before the age of 60 years in fathers, mothers, 
siblings, and children. For the present analysis a posi- 
tive family history of myocardial infarction was 
defined as the occurrence of myocardial infarction 
before 60 years of age in one or more first degree 
relatives of the subject. The information obtained 
about the family health history was not validated 
against hospital or family doctor records. 


RESTING ELECTROCARDIOGRAM 

During the second visit each subject had a resting 12 
lead electrocardiogram recorded in the supine posi- 
tion by technicians trained in the standardised per- 
formance of the procedure. Electrocardiograms were 
recorded on both paper and magnetic tape and sent 
for interpretation to the projects’ central electrocar- 
diographic laboratory in Birmingham, Alabama, 
USA. Electrocardiograms were read by computer as 
well as by two independent coders according to the 
Minnesota Code. !5 
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EXERCISE ELECTROCARDIOGRAM 

Submaximal exercise testing using an age specific 
target heart rate was performed according.to the 
modified Bruce protocol.!® Before the exercise test а 
doctor took a medical history and performed a physi- 
cal examination. Based on this evaluation subjects 
were either considered to be eligible for the treadmill 
test or excluded from the study. Subjects started 
walking on the treadmill at 1-7 mph on a 10% gradient 
for the first three minutes. The speed and the slope 
were increased every three minutes until the subject 
reached 85-90% of his age adjusted predicted maxi- 
mum heart rate. Tests were terminated prematurely 
because of fatigue or medical contraindication to con- 
tinued exercise. Heart rate and blood pressure were 
recorded at the end of each three minute stage of 
exercise and at 0, 2, 4, and 6 minutes after exercise. A 
six lead (V4, V5, V6, X, Y, and Z) electrocardiogram 
was recorded during and after the exercise at the same 
times as above. 


CRITERIA FOR CORONARY HEART DISEASE 
Subjects were considered to have coronary heart dis- 
ease if they (а) reported an admission to hospital 
because of a heart attack, (b) had resting ischaemic 
electrocardiographic abnormalities (including major 
and minor Q wave abnormalities (Minnesota codes 
1.1.1-1.1.7; 1.2.1-2.8; 1.3.1-3.6), major ST depres- 
sion (4.1; 4.2), and major T wave abnormalities (5.1; 
5.2), and (c) had positive ischaemic electrocardio- 
graphic findings on the treadmill. The exercise test 
was defined as positive if ST segment depression dur- 
ing or after exercise exceeded 1 mm as measured by 
trained coders or a 10 mV/s fall in ST integral from its 
resting value assessed by a computer coding system. 
Hypotension and development of angina on the 
treadmill were also criteria for a positive exercise 
test.!4 


STATISTICAL ANALYSIS 

Univariate and multivariate analyses were performed 
by a linear logistic regression model. This procedure 
models the disease status (that is, the prevalence of 
coronary heart disease) as an exponential function ofa 
linear combination of the risk factors. Under each 
model the predicted probability of coronary heart dis- 
ease as a function of n independent variables was 
estimated by: 


P(CHD)=exp (b, * b; ХУ1+ехр (b, £ b; XD) 


The regression coefficients were computed using the 
Walker-Duncan maximum likelihood procedure.!? 
The statistical significance of coefficients in the model 
was tested by dividing the coefficients by their stan- 
dard errors. The estimated regression coefficients for 
a risk factor expressed as a dummy variable or the 
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Table 1 Mean (SD) plasma lipid and lipoprotein concentrations, body mass index, and prevalence of hypertension, smoking, and 
family history of heart attack among male subjects with and without coronary heart disease (CHD) 





With CHD (n—123) 


Without CHD (п=921) 





Age (yr) 52-1 (7-0) 49-8 (6:4) 
Total cholesterol (mg/100 ml) 212-8 (40-6) ‚ 201-3 (37-6) 
LDL cholesterol (mg/100 ml) 138-8 (35-2) 128-6 323) 
HDL cholesterol (mg/100 ml) 38-8 (8-3) 41-0 (10-4) 
Triglyceride (mg/100 ml) 172-2 (73-5) 161-1 (100-7) 
Body mass index (weight/height?) 2-68 (0:39) 2-63 (0:34) 
96 of patients: 

Smoking 30-9 40-0 

With hypertension 43.9 27-6 

With family history of heart attack 28-5 19-1 





LDL, low density lipoprotein; HDL, high density lipoprotein. 


Conversion: traditional to SI units—cholesterol: І mg/100 ml=0-03 mmol/l; triglyceride: 1 mg/100 ml+0-01 mmol/l. 


standardised coefficients for continuous variables, 
when exponentiated, yield an estimate of the odds 
ratio. 


Results 


The study population included 1044 men aged 40-70 
years from the second visit random recall group. Of 
these, 20 reported a previous heart attack, 40 had 
ischaemic resting electrocardiogram abnormalities, 
and 63 developed ischaemic electrocardiographic 
findings during the exercise test. Table 1 summarises 
the characteristics of the 123 subjects with (study 
group) and the 921 subjects. without (control group) 
coronary heart disease. The mean age of those sub- 
jects with coronary heart disease was two years higher 
than that of those without. The study group had 
higher mean values of total cholesterol and LDL 
cholesterol and lower mean values of HDL cholesterol 
than the control group. There was no overt difference 
in body mass index between the two groups. Of the 
study and control groups, 31% and 40% respectively 
were current smokers and 29% and 24% respectively 
were ex-smokers. The prevalence of hypertension was 
higher in the study group (44%) than in the control 
group (28%). A greater proportion of the study group 
reported a history of heart attack in a first degree 


relative (29%) than of the control group (19%). 

Table 2 shows the results of logistic modelling with 
a set of risk factors. In the univariate analysis, age, 
total cholesterol and HDL cholesterol concentrations, 
and hypertension were statistically significant predic- 
tors of coronary heart disease. As expected, age, total 
cholesterol concentrations, and hypertension were 
positive correlates whereas HDL cholesterol concen- 
tration was inversely associated with coronary heart 
disease. Smoking showed an inverse association (not 
statistically significant) and body mass index a weak 
and not statistically significant correlation with dis- 
ease prevalence in our sample. In the multivariate 
analysis the negative association with HDL choles- 
terol was strengthened. The multivariate coefficient 
for hypertension was smaller than the univariate 
coefficient, probably owing to the adjustment for age 
and body mass. The association with smoking was 
unchanged and that with body mass eliminated. The 
x? associated with the likelihood ratios was higher for 
the multivariate model, which included total choles- 
terol, than the x? for the model with LDL cholesterol. 
We therefore preferred the model with total choles- 
terol, although this did not significantly increase pre- 
diction. 

Table 3 shows the logistic coefficient and the rela- 
tive odds with its 95% confidence interval for family 


Table 2 Logistic regression models for coronary heart disease (CHD) in 123 subjects with and 921 without coronary heart disease as 
a function of age, total plasma cholesterol and high density lipoprotein (HDL) cholesterol concentrations, smoking, hypertension, and 








body mass index 
Independent variables Univariate model Multivariate model 
Regression Odds ratio CIT Regression Odds ratio CIT 
coefficient coefficient 
Age 0-051** 1-39 1-17—1-66 0-048** 1-36 1-14-1-65 
Total cholesterol 0-008** 134 1-12-1-61 0-007** 1-32 1:09-1:59 
HDL cholesterol —0-022* 0-79 0:65-0:97 —0-032** 0-72 0:58-0-90 
Smoking —0-399 0-67 0-44-1-02 —0-410 0-66 0-44-1-01 
Hypertension 0.721** 2-06 1-37-3-09 0-481* 1-62 1-07-2-41 
Body mass index 1-080 1-14 0-95-1-37 0-064 1-02 0-84-1-25 


*p<0-05; **p<0-01; 
19596 confidence interval for the odds ratio. 
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Table 3 Logistic regression coefficients for family history of heart attack in all 123 subjects with and 921 without coronary heart 
disease (CHD) and separately in 48 asymptomatic subjects with and 921 without CHD 


Univariate model 
Regression Odds ratio 
coefficient 
Total group 0-521* 1-68 
Asymptomatic group§ 1-020 2-78 


*p<0-05; **p«0-01;. 


Multivariate modelt 
CI} Regression Odds ratio CI 
coefficient 
1-09-2-60 0-491* 1-63 1-06-2-52 
1-51-5-09 1-00** 2:72 1-48-4-99 


tAge, cholesterol, HDL cholesterol, smoking, hypertension, and body mass index were included in the model in addition to family history 


variable. 
ee confidence interval for the odds ratio. 
A positive exercise test without any other symptoms of CHD. 


history of heart attack as a predictor of coronary heart 
disease. Based on the total study group the estimated 
odds of coronary heart disease being present in a sub- 
ject with a family history of heart attack among his 
first degree relatives was 1-63 times that of a subject 
without this hisory when all other risk factors are con- 
trolled for. The 95% confidence interval for the odds 
ratio ranged from 1:06 to 2:52. 

Prevalence studies may be subject to a number of 
well described biases. Our data allowed us to examine 
the possibility of bias resulting from a difference in 
recall of family history in subjects with and without 
coronary heart disease. Subjects with coronary heart 
disease who are aware of their condition may tend to 
over-report a family history of heart attack, and this 
could strengthen the association between family his- 
tory and the disease. Subjects with asymptomatic 
coronary heart disease should be free of this potential 
bias. Thus all subjects with a history of heart attack 
and resting electrocardiographic abnormalities or 
those with a clinical picture of angina pectoris were 
excluded from analysis. The inclusion only of subjects 
with positive ischaemic electrocardiographic findings 
on the exercise test may produce a subgroup of coro- 
nary heart disease patients who are less likely to be 
aware of their medical condition. In this subgroup the 
positive association between family history and coro- 
nary heart diseasee was further strengthened (Table 
3). 

The odds ratio exceeded 2-7 both in the univariate 
and the multivariate model, with a 95% confidence 
interval ranging from 1-48 to 4-99. 


Discussion 


The findings in our study that total plasma cholesterol 
and HDL cholesterol concentrations and hyperten- 
sion are statistically significant correlates of coronary 
heart disease are consistent with the findings of num- 
erous other epidemilogical studies. 

In the univariate analysis, heart attack before the 


age of 60 in first degree relatives was a significant 
predictor of coronary heart disease. With multivariate 
analysis the family history maintained its predictive 
strength in the presence of the other risk factors. 

The mean ages of the subjects with and without 
coronary heart disease were 52 and 50 years respec- 
tively, with very few subjects aged under 40. Conse- 
quently, nearly all the parents of our study population 
were over 60 years old at the time of the study. Thus 
all had an equal probability of developing myocardial 
infarction before the age of 60. The mean number of 
siblings was similar in both groups (5:1 in stüdy group 
and 5-0 in controls), but no data on the siblings’ age 
and birth order were collected. We reran two logistic 
models, one using only parental history of myocardial 
infarction and the second only sibling history of 
myocardial infarction. The logistic coefficients were 
similar for both models, though they were somewhat 
stronger for that using sibling history. Small differ- 
ences in the age distribution of siblings due to differ- 
ences in the age of the study group and controls 
should be adequately controlled for by age adjustment 
in the logistic model. This assumption would be 
incorrect, however, if birth order or family spacing 
were determinants of coronary heart disease. The 
higher odds associated with sibling history than 
parental history indicate an increased risk associated 
with a history of heart attack in first degree relatives 
when the condition presented early in life. 

The introduction of the family history variable as 
the last term in the stepwise logistic regression model 
did not alter the coefficients for the risk factors in the 
model. This indicates that the risk associated with 
family history is independent of the other major risk 
factors. This does not, however, imply lack of a famil- 
ial pattern in the values for total cholesterol or HDL 
cholesterol or blood pressure in our data.!9 What this 
does appear to mean is that familial aggregation of 
these risk factors accounted for only a small part of 
the clustering of coronary heart disease in families. 
This clustering would therefore appear to reflect 
characteristics other than the classic risk factors that 
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were measured in our study. These findings that the 
aggregation of coronary heart disease is not entirely 
explained by familial patterns in the different risk fac- 
tors are consistent with other studies.!9~2! Neverthe- 
less, at least one report appeared fully to explain the 
clustering of coronary heart disease among relatives 
by the familial aggregation of the documented risk 
factor.!! We are unable to assess the relative impor- 
tance of heredity and environmental factors in the 
association of family history with coronary heart dis- 
ease. The contribution of heredity to the familial 
aggregation of ischaemic heart disease may be domi- 
nant.2? Nevertheless, environmental factors such as 
diet (independent of lipid concentrations) and 
psychosocial factors that are shared by family mem- 
bers could contribute independently or interact with 
the heredity factor. 

Several possible problems in our study need to be 
considered. Firstly, there was no verification of the 
reported family history, and therefore the validity of 
these data cannot be confirmed. Other studies such as 
the Tecumseh Community Health Study and the 
Tromsø Heart Study reported satisfactory validity of 
reported family history of heart attack.!? 23 There are 
no published data in Israel relating to this question. 
Secondly with prevalence data the possibility exists of 
bias due to factors such as selective survival, change in 
behaviour, and recall bias. For instance, in this study 
the proportion of current smokers among the study 
group was lower (3196) than among the control group 
(4096), although smoking has been shown to be a risk 
factor for myocardial infarction in Israeli men in a 
large prospective study.?4 Selective survival and recall 
bias could affect the association of family history with 
coronary heart disease. In particular, subjects with 
coronary heart disease may over-report a family his- 
tory of heart attack. Biased recall, however, is 
unlikely to be responsible for our family history 
findings. Restricting the analysis to (probably) asymp- 
tomatic subjects did not weaken the association. The 
exercise electrocardiogram in asymptomatic subjects 
is known to be of relatively low specificity and small 
predictive value. Such misclassification would tend to 
reduce the odds ratio estimates towards the null value 
assuming that there is no differential misclassification 
of subjects with and without a positive family history. 
Thus our findings of a statistically significant associa- 
tion of coronary heart disease with a positive family 
history is probably an underestimate of the true 
association. 

Our data suggest that a family history of myocardial 
infarction may be an important independent risk fac- 
tor for the development of coronary heart disease in 

- Israeli men. Further studies are needed to substanti- 
ate this finding and to explore the nature of this famil- 
ial risk factor and the mechanism by which it pro- 
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duces coronary heart disease in our population. 


This study was supported by the US National Heart, 
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Effect of timolol on changes in serum potassium 
concentration during acute myocardial infarction 


JAN ERIK NORDREHAUG,* KARL-ARNE JOHANNESSEN,* GERHARD уом DER LIPPE,* 
MAGNUS SEDERHOLM,f PER GROTTUM,} JOHN KJEKSHUS£ 

From the *Department of Medicine, Diakonissehjemmet Hospital, Bergen, Norway; {Danderyd Hospital, Danderyd, 
Sweden; and Baerum Hospital, Sandvika, Norway 


SUMMARY One hundred and six patients with acute myocardial infarction admitted to hospital 
within four hours after the onset of symptoms were randomised to treatment with intravenous 
timolol (54 patients) or placebo (52 patients). Serum potassium concentrations were estimated at 
frequent intervals during the first 24 hours of admission. Patients in both treatment groups, who did 
not receive subsequent diuretic treatment, had a transient rise in serum potassium concentration, 
which was maximal after four hours. This rise was abolished by diuretic treatment in the placebo 
group but not in the timolol group, in which there was a pronounced and prolonged rise in serum 
potassium concentration. The change in serum potassium concentration in the first four hours after 
admission correlated with cumulative creatine kinase release in the placebo group, but not in the 
timolol group. Hypokalaerhia (serum potassium concentration <3-5 mmol/l) occurred in 15 (28-896) 
patients in the placebo group and in seven (1396) in the timolol group and was independent of infarct 


size. The frequency of hyperkalaemia was not increased in the timolol group. ` 
By increasing the serum potassium concentration and preventing hypokalaemia, the use of 
intravenous timolol early in acute myocardial infarction may have important clinical effects in 


addition to reducing infarct size. 


Low serum potassium concentrations have been 
associated with an increased frequency of cardiac 
arrhythmias in acute myocardial infarction,!7? and an 
inverse relation has been shown between serum potas- 
sium concentrations «5-2 mmol/l and the occurrence 
of ventricular fibrillation.? If the electrophysiological 
consequences of a low serum potassium concentra- 
Поп“ are the cause of the, increased frequency of 
arrhythmias, then prevention of hypokalaemia in the 
early phase of acute myocardial infarction, when 
arrhythmias are most frequent! may be of impor- 
tance. Serum potassium concentrations correlate 
inversely with catecholamine concentration,5 which is 
increased in acute myocardial infarction,$ and beta 
blocking drugs impair the potassiumi response to 
infused catecholamines in dogs? and healthy volun- 
teers.? А small rise in serum potassium concentration 
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has been reported in hypertensive patients treated 
with beta blockers.? Intravenous treatment with beta 
blockers has been shown to have beneficial effects on 
infarct size in acute myocardial infarction.!9- !2 

The present study was undertaken to examine the 
effects of intravenous beta blockade with timolol 
maleate on serum potassium concentration and to 
determine the incidence of hypokalaemia during the 
first 24 hours after hospital admission in patients with 
acute myocardial infarction. 


Patients and methods 


The study population was a cohort from a random- 
ised, double blind placebo controlled study of the non- 
selective beta receptor blocking drug timolol maleate 
in acute myocardial infarction.!^ The complete study 
included 144 patients, of whom 106 with definite 
infarcts are reported here. Thirty eight patients were 
excluded because of protocol violation, incomplete 
data, death within the study period, or unconfirmed 
infarction. The protocol for the study and the demog- 
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raphic data of the patients have been fully reported 
previously.!° 

The patients were randomly allocated to intraven- 
ous treatment with timolol maleate or placebo. 
Treatment was started within five hours after the 
onset of symptoms with the injection of 1 mg of 
timolol or an equivalent volume of saline, and this was 
repeated 10 minutes later. After a further 10 minutes 
a constant infusion of timolol, 0-6 mg/hour, or an 
equal volume of normal saline was started and con- 
tinued for 24 hours. Drugs, other than diuretics, 
known to affect the concentration of serum potassium 
were not used. Blood samples for measuring serum 
potassium concentration and creatine kinase activity 
were collected before the start of treatment with 
placebo or timolol, after two and four hours, and 
thereafter every four hours for the first 24 hours. The 
blood samples were immediately centrifuged and the 
serum frozen until the analyses were performed. 
Serum potassium concentration was analysed using 
flame photometry and creatine kinase concentration 
and cumulative release of creatine kinase as previously 
described.!? Hypokalaemia was defined as a serum 
potassium concentration of «3:5 mmol/l and hyper- 
kalaemia as a concentration of 25:2 mmol/l. 


STATISTICAL ANALYSIS 

Statistical tests were two tailed and p values «0-05 
were considered to be significant. Student's t test was 
used to compare mean serum potassium concentra- 
tions between the treatment groups at comparable 
time intervals (unpaired t test) and also for comparing 
serum potassium concentrations before treatment 
with potassium values at subsequent time intervals 
within each treatment group (paired 1 test). Fisher's 
exact test was used to analyse categorical data. Linear 
regression analysis was used to correlate cumulative 
creatine kinase release and change in serum potássium 
concentration. Results are expressed as mean (stan- 
dard error of the mean). 


Results 


Of the 106 patients in this study, 54 received timolol 
and 52 placebo. Data are given for all the patients 
together in each treatment group and according to 
whether or not diuretic treatment was given. In the 
timolol group 20 (3796) patients received a diuretic 
before the start of treatment or during the first 24 
hours of the study; of these, 18 received frusemide 
(mean dose 63-6 (31) mg) and two thiazides. Twenty 
one (40%) patients in the placebo group received 
diuretics, of whom 19 received frusemide (mean dose 
50-5 (18-1) mg) and two thiazides. The difference 
between the mean doses of frusemide in the two 
treatment groups was not significant. 
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Two patients in each treatment group also received 
oral potassium chloride supplements (placebo group 
11 g and 6 g; timolol group 4 g and 1 g). 


SERUM POTASSIUM CONCENTRATIONS 
The mean serum potassium concentrations before 
treatment were comparable in the two groups; 
placebo 4-12 (0:07) mmol/l and timolol 3-99 (0-08) 
mmol/l. The mean time from the onset of symptoms 
of infarction to the start of treatment was 3-7 hours 
(placebo group) and 3-3 hours (timolol group) (NS). 
In the timolol group serum potassium concentrations 
rose to a significantly higher value compared with in 
the placebo group between four and 12 hours after the 
start of treatment. Patients treated with timolol had 
significantly higher serum potassium concentrations 
at 2, 4, 8, 12, 16, and 20 hours compared with before 
treatment. No such difference was seen in the placebo 
group (Fig. 1a). 

In the patients not treated with diuretics before or 
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Fig. 1 Mean (SEM) serum potassium concentration during 
0-24 hours of drug administration in (a) all patients and (b) 
patients not treated with diuretics either on admission or during 
the first 24 hours. *p «0-05; **p<0-01 comparison with 
baseline; 1p «0-05 comparison between timolol and placebo 
groups; ір <0-05 each time interval compared with baseline. 
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Table 1 Mean serum potassium concentrations (mmol/l) for patients treated with intravenous frusemide on admission and during the 


first 24 hours. Values are mean (SEM) 








Treatment group Before treatment After treatment (hours) 

. 2 4 8 12 24 
Placebo (п= 15) 422(017 . 405 (0-14) 4-11 (0-2) 4-08 (0-14) 3-97 (0-15)* 3-89 (0-1)* 
Timolol (n= 12) 3-71 (0-17) 4-12 (0-2)* 4-63 (0:25)* 4-29 (0-18)* 3-93 (0-14) 3-95 (0-2) 


*p<0-05 within group comparison with pretreatment values. 


during the first 24 hours there was a significant 
increase from pretreatment values in mean serum 
potassium concentration in the placebo group at four 
hours and in the timolol group at four and eight hours 
(Fig. 1b). The increase was greatest in the timolol 
group, but there was no significant difference between 
the placebo and timolol group at any time. The prob- 
ability of a difference between treatment groups be- 
tween two and 24 hours was 0-16 by repeated meas- 
ures analysis of variance. 

The mean serum potassium concentration fell in 
patients in the placebo group who were treated with 
intravenous frusemide on admission and during the 
first 24 hours of the study. Compared with pretreat- 
ment values serum potassium concentration rose 
significantly at two hours in the patients in the timolol 
group who received frusemide (Table 1). The mean 
frusemide dosage was identical in the two treatment 
groups on admission and during the study. The mean 
cumulative creatine kinase release for these patients 
was 2290 (406) ОЛ in the placebo and 2121 (407) ОЛ 
in the timolol group (NS). 


HYPOKALAEMIA 

Timolol significantly reduced the incidence of 
hypokalaemia during the first 24 hours of treatment. 
During 2-24 hours after the start of treatment, 15 
patients became hypokalaemic with placebo treat- 
ment, with a total of 35 hypokalaemic samples, com- 
pared with seven treated with timolol, with a total of 
18 samples (Table 2). Hypokalaemia occurred more 
often in patients treated with diuretics in both groups 
(Table 2), but the lower overall incidence’ of 
hypokalaemia was not related to the administration of 
diuretics (Table 2). The lowest serum potassium con- 
centration was 2-7 mmol/l. Hypokalaemia was trans- 
ient, and only one patient had hypokalaemia in five 
consecutive samples during the 24 hour sampling 
period. In most patients with hypokalaemia this was 
noted in at most two or three consecutive samples (a 
duration of 6-12 hours). 

Fourteen of 106 (13-296) patients were 
hypokalaemic before treatment, three in the placebo 
and 11 in the timolol group. Only two of the 14 
hypokalaemic patients had been treated with diuretics 
before admission. Of the 11 patients in the timolol 


group who were hypokalaemic before treatment, four 
had hypokalaemia at least once during treatment 
compared with one of three patients in the placebo 
group. 


HYPERKALAEMIA 

Six patients in the placebo and 10 in the timolol group 
had one or more hyperkalaemic samples during the 
study period (NS). Hyperkalaemia was transient; one 
patient in each group had four consecutive high serum 
potassium values, and one patient in each group had 
three consecutive high values. The highest value of 
serum potassium was 6:95 mmol/l. The incidence of 
hyperkalaemia before treatment was six of 106 (5-796) 
patients (three in each treatment group), none of the 
values being 26-0 mmol/l. The number of patients 
with serum potassium values =6-0 mmol/l with 
treatment were three (5-8%) in the placebo and three 
(5-696) in the timolol group. 


CUMULATIVE CREATINE KINASE RELEASE AND 
SERUM POTASSIUM CONCENTRATION 
The change in serum potassium concentration before 
treatment and at four hours (corresponding to the 
mean peak rise) in each patient not treated with 
intravenous frusemide was related to infarct size as 
estimated by cumulative creatine kinase release (Fig. 
2). There was a significant correlation in both treat- 
ment groups, but a weaker correlation was obtained in 
the timolol group. 

The mean cumulative creatine kinase release for 


Table 2 Patients with hypokalaemia (serum potassium 
concentration <3-5 mmol/l) on one or more occasions during the 
first 2-24 hours of timolol or placebo administration. Figures are 
numbers (percentages) of patients 








Placebo Timolol ^ p value 

All patients 52 54 

With hypokalaemia at: 

2 hours 7 (13:5) 2837) NS 

2-4 hours 8 (15:4) 3(56 NS 

2-8 hours 9 (17-3) 3 (56) «005 

2-24 hours 15 (28:8) — 7(13) © «0-05 
Patients taking diuretics 21 20 

With hypokalaemia at 2-24 hours 8 (38-1) 4 (20) NS 


Patients not taking diuretics 34 
With hypokalaemia at 2-24 hours 7 (22:2) 
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Fig. 2 Change in serum potassium concentration from before 
treatment to four hours after treatment in relation to cumulative 
creatine kinase (CK) release in (a) placebo and (b) timolol 
patients not treated with diuretics. 


patients not treated with diuretics (Fig. 2) was 2056 
(199) ОЛ in the placebo and 1323 (128) ОЛ in the 
timolol group (р<0:01). The mean cumulative 
creatine kinase release for patients treated with diure- 
tics was 2571 (415) ОЛ in the placebo and 2181 (264) 
U/l in the timolol group (NS). 

In Table 3 cumulative creatine kinase release is 
related to potassium concentration. Infarct size was 
not significantly different between hypokalaemic 
patients and patients with serum potassium concen- 
trations =3-6 mmol/l. 


Discussion 


This study has shown that early intervention with 
timolol during the evolution of an acute myocardial 
infarction increases the serum potassium concentra- 
tion and reduces the incidence of hypokalaemia. The 


Table 3 Cumulative creatine kinase release (U/l) according to 
serum potassium concentrations in patients treated with placebo 
or timolol. Values are mean (SEM) 





Serum potassium concentration (mmol/l) 


<35 23-6 

Placebo 2068 (250) 2344 (272) 
n=15 n=37 

Timolol 1675 (728) 1676 (125) 
n=7 n=47 
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reduction in hypokalaemic episodes in the timolol 
group occurred despite there being more 
hypokalaemic patients in this group before treatment. 
The treatment groups were otherwise well balanced 
with respect to heart failure!? and diuretic treatment. 

A transient rise in mean serum potassium concen- 
tration occurred in both the placebo and timolol 
groups and reached a maximum four hours after 
treatment—that is, nearly eight hours after the esti- 
mated onset of infarction. The serum potassium con- 
centration returned to pretreatment values in both 
treatment groups within 24 hours without any change 
in the regimen of the test drugs. 

Treatment with diuretics before or during the first 
hours after admission abolished the vi in mean 
serum potassium concentration in the placébo but not 
in the timolol group (Fig. 1a). Treatment with diure- 
tics alone reduced the mean serum potassium con- 
centration but it still increased in patients treated with 
diuretics and timolol (Table 1). Diuretics increased 
and timolol reduced the number of patients with 
hypokalaemia (Table 2), indicating that timolol and 
diuretics have opposing effects on the serum potas- 
sium concentration. 

The mechanism behind the initial rise in serum 
potassium concentration is unclear. At the onset of 
ischaemia there is a rapid loss of intracellular potas- 
sium in the myocardium, which causes a rise in coro- 
nary sinus potassium.!?!4 An average infarction of 
about 40 g of myocardium with about 0-1 mmol of 
potassium per gram could add about 4 mmol of potas- 
sium to the bloodstream. This mechanism may 
explain the transient rise in serum potassium concen- 
tration and the positive correlation between the ulti- 
mate infarct size and the change in serum potassium 
concentration. 

The initial rise in serum potassium concentration is 
unlikely to have been caused by heart failure with 
poor peripheral circulation, as clinically overt heart 
failure did not occur in the patients shown in Fig. 1b. 
Nevertheless, certain mechanisms leading to increases 
in serum potassium concentration, as occur during 
exercise,!5 remain to be elucidated, and these may 
also contribute to the rise in serum potassium con- 
centration seen during myocardial infarction in our 
study. 

It has been clearly shown in normal volunteers that 
serum potasssium concentrations fall promptly in 
response to infusion of adrenaline.® 18 If there was an 
outpouring of catecholamines in the immediate phase 
of evolving infarction then this would cause a fall in 
serum potassium concentration. This has been clini- 
cally described as an acute hypokalaemic syndrome 
and appears to occur in many acutely ill patients as 
well as in patients with acute infarction.!7 As the 
potassium concentrations in our study were not meas- 


392 


ured until almost four hours after the onset of symp- 
toms it is quite likely that we missed the early and 
more pronounced falls in potassium concentration 
and that the early rise in potassium concentration in 
the placebo group was a recovery phenomenon from 
catecholamine induced hypokalaemia. The greater 
rise seen in the timolol group could be a combination 
of this recovery effect together with a IDE drug 
effect on potassium movement. 

Timolol may affect serum potassium concentration 
in several ways. А rise in serum potassium concentra- 
tion is opposed by the adrenaline mediated peripheral 
uptake of potassium in skeletal muscle.!? This beta, 
receptor effect of adrenaline is blocked by timolol.8 A 
rise in potassium concentration in the timolol group 
may also partly have resulted from unopposed alpha 
effects of adrenaline.” A loss of intracellular potas- 
sium is readily reversible after the reversal of 
ischaemia.!3 A reversal of ischaemia caused by 
timolol, as occurred according to the accelerated 
reduction i in the electrocardiographic ST segment ele- 
vations!? and the 3696 reduction in cumulative 
creatine kinase release, would be expected to reduce 
the rise in serum potassium concentration. Thus sev- 
eral mechanisms could have caused the weaker corre- 
lation between cumulative creatine kinase release and 
the change in serum potassium concentration in the 
timolol group compared with the placebo group. Con- 
centrations of renin, aldosterone, and insulin were not 
measured in this study, but others have shown the 
effect of beta, blockade on serum potassium to be 
independent of these hormones.!6 !8 Urinary potas- 
sium output was not measured, but a negative potas- 
sium balance has previously been found during beta 
blocker treatment.? 

The clinical implications of the alterations in serum 
potassium concentration during evolving myocardial 
infarction and the effect of timolol on these alterations 
are not clear, and electrophysiological studies in non- 
ischaemic hearts suggest that hypokalaemia may cause 
cardiac arrhythmias.^ !? An inverse relation between 
serum potassium concentration «5:2 mmol/l and the 
occurrence of ventricular fibrillation in acute myocar- 
dial infarction has been reported.? This does not, 
however, imply a definite causal relation. On the 
other hand, if the relation is causal then even the 
moderate differences in serum potassium concentra- 
tion between the treatment groups in this study may 
be of importance.? 

Hyperkalaemia is not associated with an increased 
likelihood of ventricular arrhythmias at concentra- 
tions seen during acute myocardial infarction.!^3 17 In 
this study, hyperkalaemia occurred mostly at serum 
potassium concentrations of «6-0 mmol/l and is 
therefore not a problem in patients selected for treat- 
ment with beta blockers during acute myocardial 
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infarction. More severe hyperkalaemia may, however, 
be expected in patients with acidosis and renal failure. 

Hypokalaemia was not related to infarct size, and 
the timolol treated patients with a serum potassium 
concentration 23-6 mmol/l did not have significantly 
larger infarctions than the hypokalaemic patients in 
the same treatment group (Table 3). The protective 
effect of timolol on hypokalaemia was therefore not 
restricted to those with large infarctions. 

Although higher circulating catecholamine con- 
centrations are seen in large rather than small infarc- 
tions, thus tending to decrease serum potassium con- 
centrations,’ .hypokalaemia is opposed by a rise in 
serum potassium concentration probably caused by 
the release of potassium from the ischaemic myocar- 
dium. In patients not treated with diuretics the net 
result, however, is a larger initial increase in serum 
potassium concentration in the large compared with 
the small infarctions. Blocking the adrenaline induced 
peripheral uptake of serum potassium concentration 
with timolol did not lead to significantly higher serum 
potassium concentrations compared with placebo, but 
the comparison is confounded by the significantly 
smaller infarct size in the timolol group. Patients with 
the large infarctions are more likely to receive 
intravenous diuretic treatment, which may initially 
abolish the rise and subsequently decrease serum 
potassium concentrations, as was seen in the placebo 
group. Thus a balance exists between the forces 
increasing and decreasing serum potassium concen- 
trations, which as a result, when the balance is dis- 
turbed, does not confine hypokalaemia to any particu- 
lar infarct size at least during the early stages of 
myocardial infarction. 

In summary, a moderate and transient rise in serum 
potassium concentration, which is quantitatively 
related to infarct size, is seen during the evolution of 
acute myocardial infarction. The rise is counteracted 
both by treatment with diuretics, which also cause 
episodes of hypokalaemia, and by a tendency for 
hypokalaemia, which is probably caused by sym- 
pathetic stimulation. Timolol causes a rise in serum 
potassium concentration irrespective of diuretic 
treatment and prevents hypokalaemia. This effect 
may have important clinical implications for myocar- 
dial ischaemia, arrhythmias, and sudden death. 


This study was carried out on behalf of the Interna- 
tional Collaborative Study Group. 
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Cellular immunity in congestive cardiomyopathy 
The normal cellular immune response 


PATRICIA J LOWRY,* R A THOMPSON,+ W A LITTLER* | 
From the *Department of Cardiovascular Medicine and Regional Immunology Laboratory, East Birmingham 


Hospital, Birmingham 


SUMMARY In vivo and in vitro tests of cellular immunity were studied in patients with congestive 
cardiomyopathy to determine whether these patients have normal or depressed cell mediated 
immunity to common environmental antigens and mitogens. No abnormality was found, but this 
does not exclude the possibility that transient depression of cell mediated mechanisms occurs early 


in the illness before clinical presentation. 


Congestive cardiomyopathy is, by definition, of 
unknown aetiology! and may represent a group of 
diseases with a common end stage.? The role of viral 
infection of the heart progressing to cardiomyopathy 
has received considerable attention,?4 and a link with 
an immunological abnormality has been ргороѕей.56 
Animal studies suggest that alterations in the immune 
status at the time of viral infection may influence the 
type and extent of damage to the myocardium in the 
short and long term.?^? Alternatively, once a virus 
has initiated damage abnormal immunological 
mechanisms may then perpetuate the damage.!? 
Remembering that there may be several different 
aetiologies in congestive cardiomyopathy, it is also 
possible that those patients who go on to develop 
heart disease may have a primary immunological 
abnormality in contrast to those who recover com- 
pletely from an acute insult. 

The search for a humoral abnormality has not 
yielded consistent or convincing evidence of antibody 
mediated damage to the myocardium.!!!? Various 
abnormalities of cellular immunity have been 
reported in congestive cardiomyopathy including an 
abnormal cellular immune status, 3^ hypersensitivity 
and cytotoxicity to cardiac antigen preparations, 4^ !6 
and abnormal suppressor T cell function.!7!8 This 
study examines the ability of patients with congestive 
cardiomyopathy to mount a normal cellular immune 
response compared with normal individuals and 


Requests for reprints to Dr P J Lowry, Department of Cardiovascu- 
lar Medicine, East Birmingham Hospital, Bordesley Green East, 
Birmingham B9 5ST. 


Accepted for publication 20 November 1984 


patients with ischaemic heart disease. Suppressor and 
helper T cell numbers were also measured (function 
was not tested) to see if there was a quantitative 
abnormality of these cells in cardiomyopathy. 


Patients and methods 


Three groups of patients were studied (Table 1). The 
congestive cardiomyopathic group consisted of 27 
patients diagnosed according to the classification of 
Goodwin and Oakley!: all but two underwent cardiac 
catheterisation confirming normal coronary arteries 
and a left ventricular endomyocardial biopsy, the 
results of which were consistent with congestive car- 
diomyopathy.!? The two exceptions had the diagnosis 
confirmed at necropsy. Twenty eight patients with 
ischaemic heart disease were matched with the car- 
diomyopathic group for symptoms using the New 
York Heart Association classification (Table 1) at the 
time of first venesection. Eighteen normal healthy 
controls, age and sex matched with the congestive 
cardiomyopathic group, comprised the third group. 

The general status of patients’ cellular immunity 
was assessed by in vivo skin testing to common anti- 
gens, in vitro leucocyte migration inhibition to com- 
mon environmental antigens, and in vitro lymphocyte 
transformation to non-specific mitogens. Suppressor 
and helper T cells were counted in eight subjects from 
each of the three groups using mouse monoclonal 
antibodies produced against T cells. 

The reagents used were: tuberculin PPD (Evans 
Medical Limited); —streptokinase/streptodornase 
(Lederle Laboratories); Candida albicans (Bencard); 
physiological saline; BCG vaccine (Evans Medical 
Limited); preservative free heparin sodium (1000 
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Table 1 Details of patient groups 
Group No of ex Age (yr) NYHA class 

patients (МЕ) (mean (SD)) 

Ila Iib III IV 

Congestive cardiomyopathy 27 23/4 50 (1D 1 T 7 6 6 
Ischaemic heart disease 28 23/5 56 (8) 3 6 6 10 3 
Normal 18 15/3 46 (12) 





NYHA, New York Heart Association classification. 


units/ml) (Duncan, Flockhart and Co Ltd); RPMI 
medium 1640 (Gibco Biocult) supplemented with 100 
units/ml penicillin and 100 ug/ml streptomycin; fetal 
calf serum (Gibco); AB serum (Blood Transfusion 
Service); dextran 110 in physiological sodium chloride 
(Fisons); Ficoll-Triosil (Pharmacia, Nyegaard)?°; 
tritiated thymidine (Amersham)? 5; scintillation 
fluid?°; monoclonal antibody OKT3, OKT4, OKT8 
(Orthoclone); fluorescein conjugated antimouse IgG 
(Meloy); and glycerol with paraphenylenediamine 
(PPD). 

Intradermal skin tests were performed using 5 
units tuberculin PPD, 10/2.5 units streptokinase/ 
streptodornase, and 100 units Candida albicans. Each 
vial of streptokinase/streptodornase was reconstituted 
in saline, dialysed in saline for 48 hours to remove the 
preservative thiomersal, and further diluted to 100 
units/ml streptokinase with saline. The skin tests were 
performed after the in vivo studies were complete and 
the response of the skin tests measured and graded at 
48 hours: grade 1 represented erythema >10 mm 
without induration or with induration up to 5 mm; 
grade 2, induration between 6 and 10 mm; grade 3, 
induration between 11 and 20 mm; grade 4, indura- 
tion >20 mm.?! 


LEUCOCYTE MIGRATION INHIBITION 

The antigens used were BCG vaccine and 
streptokinase/streptodornase. The optimal antigen 
concentrations were determined before the study to 
avoid antigen toxicity, which hinders cell migration. 
A viability count was used to assess cytotoxicity to 
human leucocytes; >15% cell death and clumping of 
cells was taken to represent cytotoxicity. A dose- 
response curve was constructed and antigen concen- 
trations below the cytotoxic range were used in the 
studies. For each test, a BCG pellet was suspended in 
1 ml water for injection and varying concentrations 
made using tissue culture medium (RPMI with 10% 
fetal calf serum). The streptokinase/streptodornase 
was prepared as for the skin test and three different 
concentrations made at the time of the test using a 
tissue culture medium. A fresh sample of venous 
blood (16-20 ml) was collected from each patient in a 
sterile container with 0-4 ml heparin. Leucocytes were 
separated by adding 10 ml dextran and incubating at 
37°С for 30 minutes. The leucocyte rich layer was 


removed and centrifuged at 400 g for 10 minutes at 
room temperature. The supernatant was discarded 
and the cells resuspended and washed in medium 
three times. The cells were then counted and resus- 
pended at a dilution of 30 x 106 cells/ml. The cells 
were packed in capillary tubes (20 ші Volupette 
Pipets, Dade), plugged at one end with hard wax, and 
centrifuged at 300 g for 10 minutes. The antigens 
were put into the wells of a leucocyte migration plate 
(Sterilin) in a random manner, three wells for each 
antigen concentration and three wells containing tis- 
sue culture medium alone to act as a control. The 
capillary tubes were scored at the cell-fluid interface 
and two capillaries placed in each well secured by a 
plug of soft wax; the wells were covered with a cover- 
slip, and an airtight seal ensured by using soft wax on 
the rim of the wells. Each plate was incubated for 18 
hours at 37?C. The plates were then projected and the 
areas of migrating cells drawn on to paper; the areas 
were measured using a planimeter and the mean value 
of each antigen dilution divided by the mean control 
value (migration index). The coefficient of variation 
for the control wells had to be «1096. А migration 
index «0-80 represented inhibition for both BCG?? 
and streptokinase/streptodornase.?3 


LYMPHOCYTE TRANSFORMATION 

Phytohaemagglutinin and pokeweed mitogen were 
the mitogens used. Fresh venous blood was obtained 
from each patient in a sterile container with 0-4 ml 
heparin. The blood was layered on to Ficoll-Triosil 
and centrifuged at 400 g for 30 mins. The lympho- 
cytes were removed from the serum-Ficoll-Triosil 
interface and washed in RPMI at 400 g for 10 
minutes. Washing was repeated three times. The 
lymphocytes were counted and diluted to a concentra- 
tion of 1 X 10$ cells/ml in medium (10% AB serum in 
RPMI). Then a 0-1 ml cell suspension was placed in 
each well of a microtitre plate (Sterilin). А range of 
concentrations for both antigens was prepared using 
RPMI and each concentration added to three wells; 
each plate had triplicate control wells containing no 
antigen. The plates were incubated at 37?C in a 
humidified gassed incubator for 72 hours for 
phytohaemagglutinin and for seven days for 
pokeweed mitogen. Twenty four hours before the 
end of incubation, 0:5 «Ci (0-02 MBq) tritiated 
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thymidine was added to each well. After incubation, 
the cultures were harvested using a multiple cell cul- 
ture harvester (Skatron, Flow). The dried harvester 
filters were placed in vials with 2 ml scintillation fluid 
and the degree of incorporation of label into cellular 
DNA measured using a scintillation counter. The 
results were expressed as the ratio of disintegrations 
per minute for each antigen dose to the unstimulated 
control value after correction for quenching and 
background subtraction.?° 


SUPPRESSOR AND HELPER T CELL 
MEASUREMENTS 

Lymphocytes were prepared as for lymphocyte trans- 
formation. After counting, the lymphocytes were 
diluted to a concentration of 5 х 106 lymphocytes/ml 
with RPMI medium. Two hundred- microlitres (1 X 
105 cells) were put into four glass tubes and the mono- 
clonal antibodies added: 5 ul of monoclonal antibody 
to helper cells (OKT4), to suppressor cells (OKT8), 
and to all mature peripheral blood T lymphocytes 
(OKT3) were each added to one glass tube, and the 
fourth had no monoclonal antibody in order to act as a 
control. The tubes were kept in an ice bath and mix- 
ing allowed to take place for at least one hour at 4°С. 
The cells were washed three times with 596 fetal calf 
serum in RPMI medium for 10 minutes at 700 g at 
4*C. One drop (0-03 ml) fluorescein conjugated anti- 
mouse IgG was added to each test tube including the 
control and the cells allowed to stand for half an hour 
in an ice bath at 4°C. The cells were washed three 
times at 4?C with 596 fetal calf serum in medium as 
before and the supernatant discarded. The cells were 
resuspended gently, mounted in glycerol PPD, and 
viewed under the fluorescence microscope. Three 
fields containing 30-40 lymphocytes each were 
counted and the number showing fluorescence 
expressed as a percentage of the total lymphocytes 
counted. 


MICROSCOPY 
А Leitz Ortholux II microscope with Epi illumination 


Table 2 Skin test results. Figures are numbers of patients 
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using a super pressure mercury lamp source (HBO 
50), a Balzer filter exciter, a red cutoff filter (RG8), 
and a yellow barrier filter (Kodak Wratten) was used. 


STATISTICAL ANALYSIS б 

Comparisons between groups for tuberculin and 
streptokinase-streptodornase skin tests were made 
using the x? test for independent samples or the 
Fisher exact probability test where sample numbers 
were small.?* The Kruskal-Wallis one way analysis of 
variance was used to test statistical significance of 
transformation and migration inhibition results.?* 


Results 


. Table 2 shows the results of the skin tests. There were 


no significant differences in the number of positive 
responders between the groups using tuberculin (0-5 


. > p > 0-3), streptokinase (0:7 > р > 0-5), or candida. 


Using tuberculin, 58% of the congestive car-. 
diomyopathy group and 57% of the normal group had 
a grade 2 or higher positive skin test compared with 
only 25% of the ischaemic heart disease group; simi- 
larly, 44% of congestive cardiomyopathic patients and 
46% of the normal group had at least a grade 2 
response with streptokinase compared with only 19% 
in the ischaemic group. Four patients in the car- 
diomyopathy group and six in the ischaemic heart 
disease group did not give a response with any anti- 
gen; this was significant for the ischaemic heart dis- 
ease group when compared with-the.normal controls 
(p = 0-01) but not for the congestive cardiomyopathy 


group. 


Figure 1 shows the ‘leucocyte migration inhibition 
results at the highest concentration of each antigen. 
Seventeen of 27 cardiomyopathy patients, 20 of 27 
ischaemic patients, and 11 of 18 normal controls were 
inhibited by BCG antigen at its highest concentration. 
Similarly, eight, nine, and six of the cardiomyopathic, 
ischaemic, and normal groups respectively were 
inhibited with streptokinase/streptodornase antigen. 


Antigen and patient group Grade of response 
Negative 1 2 3 4 Total No 
Tuberculin PPD: 
Congestive cardiomyopathy 7 1 1 7 3 19 
Ischaemic heart disease 8 4 1 2 1 16 
Normal 4 2 3 Y 4 14 
Streptokinase/streptodornase: 
Congestive cardiomyopathy 8 2 3 3 2 18 
Ischaemic heart disease 8 5 2 1 0 16 
Normal 4 3 1 5 0 13 
Candida albicans: 
Congestive cardiomyopathy 16 0 1 0 1 18 
Ischaemic heart disease 14 1 1 0 0 16 
Normal 11 1 2 0 0 14 
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Fig. 1 .. Migration index using (a) BCG antigen (30 pgiml) and 
(5) streptokinase (SK)/streptodornase (3000 шті SK) for each 
subject in the three groups. Values-«0-8 represent inhibition. The 
mean value and standard error for each group is indicated. 
CCM, congestive cardiomyopathy; IHD, ischaemic heart 
disease. : 


Lower antigen concentrations showed less inhibition 
in all groups, the mean migration indices tending to 
approach 1-00. 

Figure 2 shows the lymphocyte transformation 
results for the three highest concentrations for each 


antigen. "All patients and normal controls showed- 
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Table 3 Mean (SD) percentage of helper. and suppressor 
T cells 
Patient group Helper Suppressor Total 
Congestive cardiomyopathy 45 (8) 18 (8 52 (10) 
Ischaemic heart disease 43 (9) ~15(8 57 (14) 
Normal 40 (9) 23 (5) 58 (11) 


stimulation with the mitogens, although the range of 
response was very wide in each. group. None of the 
differences between the groups was statistically 
significant. . 

Table 3 shows the mean percentage value and stan- 
dard deviation for the helper, suppressor, and total 
mature T lymphocytes in each group. The percentage 
of control staining was «296. There were no group 
differences. 


Discussion 


Leucocyte migration inhibition, delayed hypersen- 
sitivity skin tests, and lymphocyte transformation are 
primarily tests of cell mediated immune responses 
and involve the release of soluble factors— 
lymphokines—which are not antibodies. Lym- 
phokines are released from lymphocytes previously 
sensitised to the antigen under examination in the 
migration inhibition and skin tests.2627 BCG, tuber- 
culin PPD, Candida albicans, and streptokinase rep- 
resent common environmental antigens to which 
many people have had previous exposure, and there- 
fore leucocyte migration inhibition and positive skin 
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Fig. 2 Lymphocyte transformation to (a) phytohaemagglutinin (PHA) and (b) pokeweed mitogen (PWM) 
expressed as the mean ratio of disintegrations per minute for each antigen concentration to the unstimulated control 
for each patient group. CCM, congestive cardiomyopathy; IHD, ischaemic heart disease; SEM, standard error of 


the mean. 
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tests would be expected to occur in a proportion of a 
normal population.?528 29 

Both T and B lymphocytes can be stimulated by 
antigen to form blast cells and synthesise DNÀ; the 
incorporation of tritiated thymidine during this pro- 
cess allows the blastogenic activity to be measured.3° 
Phytohaemagglutinin and pokeweed mitogen are 
non-specific stimulants of lymphocytes not requiring 
presensitisation?! 3? and stimulate T cells mainly, B 
cells predominantly only secondarily.?! ?? 

These tests are useful in determining whether cellu- 
lar immunity is normal or depressed, but they are 
testing only a small part of a complex system.?? 

In our study patients with congestive car- 
diomyopathy did not differ in any way from the nor- 
mal control group when tested by leucocyte migra- 
tion, lymphocyte transformation, or skin testing; this 
contrasts with other studies. Das et al claimed that 
over 4096 of patients with congestive cardiomyopathy 
had abnormal cell mediated immunity.!? In fact, their 
results for leucocyte migration inhibition showed no 
significant mean group difference, but 42% of patients 
with cardiomyopathy lay outside the 9096 confidence 
limits of the control group. Lymphocyte transforma- 
tion results were not significantly different from those 
of a miscellaneous heart group, but both were 
significantly different from the normal control group, 
suggesting that the abnormality was not specific to 
cardiomyopathy. No other studies have undertaken a 
comprehensive survey of cell mediated immunity?^; 
the results of Das et al'3'!4 suggest that only single 
indices of cell mediated immunity were tested in each 
group, and there were no observations that abnormal 
lymphocyte transformation results, for instance, coin- 
cided with the same population of congestive car- 
diomyopathy patients showing abnormal leucocyte 
migration inhibition. 

The ischaemic heart disease group had similar mig- 
ration and transformation results but responded 
poorly to skin testing when compared with both the 
cardiomyopathic and normal groups. À positive skin 
test in this study was defined according to Bates 
et al! but not everyone would accept erythema 
alone, or induration <5 mm, as positive.?5 In this 
case, the discrepancy between the ischaemic group 
and the cardiomyopathy and normal groups is 
emphasised. Depressed cellular responsiveness can 
occur with increasing age, after viral illness or general 
anaesthesia, and where there is severe debilitating dis- 
ease; leucocytosis, fever, anaemia, and weight loss are 
also strongly interrelated.?6 Few of these factors apply 
to ischaemic heart disease and those which might also 
apply to congestive cardiomyopathy (except for the 
higher mean age of the ischaemic group). It was not 
possible to differentiate the groups by severity of 
symptoms or number of deaths (seven in the car- 
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diomyopathy group, six in the ischaemic heart disease 
group) during the study. No quantitative abnormality 
of suppressor or helper T cells was found, but func- 
tion was not assessed. 

Patients with congestive cardiomyopathy appear to 
have normal cellular immunity by the time they are 
diagnosed. This does not exclude the possibility that 
cellular immunity may be depressed transiently at the 
time of the initiation of the disease, for example after 
a viral illness, but it does suggest that patients with 
congestive cardiomyopathy have the potential to 
mount a type IV hypersensitivity response which may 
be important in the pathogenesis of the disease. 
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Hypersensitivity to cardiac antigens 


PATRICIA J LOWRY,* RA THOMPSON,t W A LITTLER* 
From the *Department of Cardiovascular Medicine and Regional Immunology Laboratory, East Birmingham 


Hospital, Birmingham 


SUMMARY The presence of type IV hypersensitivity to cardiac antigens in 26 patients with conges- 
tive cardiomyopathy was sought by two in vitro techniques. Neither test showed a significant group 
‘abnormality, but 10 patients did have hypersensitivity to heart antigen, in particular to congestive 
cardiomyopathic heart antigen. These patients were characterised by worse haemodynamic data and 
a more rapid and malignant course: of the disease than in the rest of the group. 


Immunological abnormalities are known to occur in 
congestive cardiomyopathy, but their role and impor- 
tance in aetiology have not been determined.!? The 
possibility that an insult to the heart such as a viral 
infection might initiate damage which immunological 
mechanisms then perpetuate has been suggested? ^ 
- Raised virus titres have been reported in congestive 
cardiomyopathy: without the isolation of virus parti- 
cles in the myocardium.*5 Animal experiments have 
shown that acute viral infections of the heart can 
progress to chronic myocardial damage where evi- 
` dence of virus is absent after the first few days of 
infection®; T cell function appears to be important in 
determining the long term outcome of these infec- 
11005.78 A viral antigen or an abnormal cardiac anti- 
gen exposed by a virus may be responsible for setting 
up a hypersensitivity reaction which would continue 
after the infection had disappeared. Type IV 
hypersensitivity to heart antigens has been reported in 
a proportion of patients with congestive car- 
diomyopathy,?!? but whether the abnormality is 
primary or secondary, or whether those with such 
apparent autoimmunity comprise only a subset of 
patients with congestive cardiomyopathy, or whether 
the tests used to detect hypersensitivity are not sensi- 
tive.enough is not.known. 

This study examined the possibility that type IV 
hypersensitivity to cardiac antigens is an underlying 
mechanism of damage in congestive cardiomyopathy. 
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In vitro hypersensitivity to antigen preparations made 
from a normal heart, two different congestive car- 
diomyopathic hearts, and a hypertrophic car- 
diomyopathic heart was assessed in two groups of 
patients with congestive cardiomyopathy or ischaemic 
heart disease and in normal healthy controls. 


Patients and methods 


Twenty six patients with congestive cardiomyopathy 
diagnosed according to the classification of Goodwin 
and Oakley!! were studied. All but two patients had 
undergone cardiac catheterisation, which showed 
normal coronary arteries and, histological cotüpatibil- 
ity with the diagnosis on endomyocardial biopsy!?; in 
the two exceptions, the diagnosis was confirmed at - 
necropsy. For comparison, a group of 26 patients with 
ischaemic heart disease matched for symptoms using 
the New York Heart Association classification were 
studied (Table 1); mean haemodynamic data are also 
shown in Table 1 for the two patient groups, and 
there were no significant differences between them 
(Student's unpaired t test). A third group of 18 nor- 
mal healthy controls were age and sex matched with 
the cardiomyopathy group. 

Type IV hypersensitivity is a cell mediated (or 
delayed) type of hypersensitivity usually involving T 
lymphocytes and non-specific inflammatory cells. It 
was studied by two in vitro techniques: leucocyte 
migration inhibition and lymphocyte transformation 
using cardiac muscle preparations as the antigens. 
Details of the methods are previously described by 
Lowry et al,!? and the procedures in this study were 
identical except for the use of. different antigens. 
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atient group No of Mean CD) Sex NYHA class Cardiac catheterisation data 
patients age n ae M 
(MIF) I Ha Hb Ш IV Noof Mean (SD) Mean (80) Ejection 
xX patients LVEDP LVES. fraction (96) 
(mm Hg) ( mim) 

ongestive 

cardiomyopathy 26 50 (11) 22/4 1 7 6 6 6 24 17 (8) 147 (88) 34 (21) 
'chaemic heart 

disease 26 55 (8) 22/4 3 6 4 10 3 22 26 (10) 126 (61) 28 (23) 
ormal 18 46 (12) 15/3 : 





YHA, New York Heart Association; LVEDP, left ventricular end diastolic pressure; LVESI, left ventricular end systolic index. 


ANTIGEN PREPARATION 

Four different human hearts were used to prepare the 
antigens: (a) a normal heart obtained within 14 hours 
of death from a woman who died after trauma; (b) a 
congestive cardiomyopathic heart (A) confirmed by 
cardiac catheterisation and biopsy and later at nec- 
ropsy from a 16 year old boy with a rapidly progres- 
sive illness (two months) and no history of preceding 


-<, viral illness; (c) a congestive cardiomyopathic heart 


(B) obtained at cardiac transplantation from a 42 year 
old man with a 15 year history of heart failure which 
began after a flu-like illness in 1966; and (d) a hyper- 
trophic cardiomyopathic heart from an 18 year old 
man in whom the diagnosis was made by echocardiog- 
raphy two days before death and confirmed at nec- 
гор$у (one of the patient's siblings and an uncle had 
died: of hypertrophic cardiomyopathy). The hearts 
were stored at —70°C before antigen preparation. 

А saline soluble extract of each heart was prepared 
in an identical manner. À piece of ventricle (approxi- 
mately 100 g wet weight) was thawed and finely sliced 
and then homogenised in sterile physiological saline 
for 15 minutes. The mixture was centrifuged at 
1600 g for 10 minutes and the supernatant retained. 
e— This was filtered through an 8-0 ит, а 0-45 um, and 
Y finally through a 0-22 um filter in a sterile 200 ml 
Millipore membrane filtration unit. Sterility was 
confirmed by standard culture procedures. Protein 
concentration of each preparation was measured using 
a modification of the technique described by Daugha- 
day et al.!^ The antigen preparations were stored in 
aliquots at —70°C until used. A dose-response curve 
was plotted for each antigen to determine the 
optimum range of antigen concentration that would 
detect sensitised cells without causing cytotoxicity. 
Cytotoxicity was assessed using a viability count: 
>15% cell death and clumping of cells was taken to 
represent cytotoxicity. 


STATISTICAL ANALYSIS 

The Kruskal/Wallis one way analysis of variance was 
used to test the significance of difference between the 
three groups for-leucocyte migration inhibition and 


lymphocyte transformation.'!S The x? test (or the 
Fisher exact probability test where numbers were 
small) was used as a test of significance when inhibited 
and non-inhibited groups were compared.!^ The 
Mantel-Haenszel test was used to test the significance 
of differences between the groups for survival.!$ 


Results 


The leucocyte migration inhibition test did not show 
significant differences between the three groups when 
tested with normal heart antigen (0:99>p>0-98), 
congestive cardiomyopathic (A) antigen (0-90 
p>0-80), congestive cardiomyopathic (B) antigen 
(0: 30>p>0- 20), or hypertrophic cardiomyopathic 
antigen (0-50>p>0-30). A migration inhibition index 
<0-80 is usually considered to represent inhibition. !7 
Table 2 shows the percentage of patients showing 
such inhibition for each group and each antigen. 
Although more of the congestive cardiomyopathic 
group were inhibited by the normal and congestive 
cardiomyopathic (A) and (B) heart antigens, none of 
these differences reached statistical significance. 

Not all the patients were tested successfully with all 
antigens as some died or had operations before testing 
was complete. The patients were initially tested with 
normal and congestive cardiomyopathic (A) hearts so 
the number of results are greater with these antigens. 
Using these antigens, 10 of 25 congestive car- 
diomyopathic patients, four of 22 ischaemic heart dis- 
ease patients, and two of 18 normal controls were 


Table 2 Percentage of patients inhibited with heart antigens 





Patient group Antigen 
Normal CCM (A) ССМ (В) HCM 
heart 
Congestive 
cardiomyopathy 27 28 37 16 
Ischaemic heart 
disease 8 9 13 24 
Normal 11 6 21 29 





CCM (A) and CCM (B), from two different patients with-congestive 
cardiomyopathy; HCM, hypertrophic cardiomyopathy. 
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Fig. 1 Individual migration index to congestive 
cardiomyopathic (A) antigen in patients with congestive 
cardiomyopathy (CCM) or ischaemic heart disease (IHD) and 
normal subjects. Mean (SEM) values are shown. 


inhibited by one or both antigens (Fig. 1). There 
seemed to be a cluster of congestive cardiomyopathic 
patients showing inhibition compared with the other 
groups, but this did not reach statistical significance. 
Table 3 compares the mean age, haemodynamic data, 
and duration of symptoms of the 10 cardiomyopathic 
patients showing inihibition with normal heart and 
congestive cardiomyopathic (A) antigens with those of 
the rest of the group. There was-a tendency for the 
patients showing inhibition to have worse 
haemodynamic data. Figure 2 shows the difference in 
survival between the 10 congestive cardiomyopathic 
patients who showed inhibition and the rest of the 
group. The difference in survival between the inhi- 
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bited and non-inhibited cardiomyopathic groups was 
not significant (p>0-1), but the patient numbers were 
small. 

Seven congestive cardiomyopathic patients were 
inhibited with congestive cardiomyopathic (А) anti- 
gen, and they also tended to have worse 
haemodynamic data than the rest of the group (Table 
3). The mean duration of illness in these seven 
patients was 27 months compared with 48 months for 
the remainder of the group. Five of the seven died 
before the end of the study. The duration of illness for 
these five was 19 months, and all had been tested with 
congestive cardiomyopathic (A) antigen within three 
months of death. 

One of the two normal controls who showed inhibi- 
tion with normal heart antigen was the identical twin 
brother of one of the congestive cardiomyopathic 
patients who showed inhibition with both normal 
heart and congestive cardiomyopathic (A) antigens 
and who died. One normal control was inhibited with 
both normal and congestive cardiomyopathic (A) 


heart antigens. None of the ischaemic heart disease 79— 


patients were inhibited with more than one antigen. 

Testing with congestive cardiomyopathic (B) anti- 
gen did inhibit some different patients in the car- 
diomyopathic group, but there was some overlap with 
those already showing inhibition with other heart 
antigens. Finally, testing with hypertrophic car- 
diomyopathic antigen did not show inhibition predo- 
minantly in any one group, and there was overlap 
with patients showing inhibition with other antigens. 

Figure 3 shows the lymphocyte transformation 
results; two different concentrations of normal heart 
antigen and congestive cardiomyopathic (A) antigen 
are represented. The variation in results was wide, 
but no stimulation occurred with either antigen, and 
there were no significant differences between the 


. groups. In view of these results, lymphocyte trans- —~ 


formation was not attempted with congestive car- 
diomyopathic (B) or hypertrophic cardiomyopathic 
antigens. 


Table 3 Comparison of data between inhibited and non-inhibited groups 





Patient group Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) NYHA class 
Age (yr) LVEDP LEVSI ejection duration of ————— —— 
(mm Hg) (т\т?) faction (%) symptoms (mth) I Ha Hb Ш IV 
Congestive cardiomyopathy: 
Inhibited with normal heart or CCM (A) 
antigens ór both 50 (14) 20 (6) 189 (93) 29 (21) 37 (29) — 4 — 3 3 
Inhibited with CCM (A) antigen only 48 (16) 20 (7) 190 (116) 35 (24) 27 (23) E i09 
Not inhibited with either normal heart 
or CCM (A) antigens 51 (8) 16 (9) 127 (81) - 36(21) 46 (52) 1 3 6 3 2 
Ischaemic heart disease: 
Inhibited with normal heart or 
CCM (A) antigens 55 (7) 17 (10) 89 (115) 56 (43) 1 1 1 1 — 





LVEDP, left ventricular end diastolic pressure;.LVESI, left ventricular.end systolic index; NYHA, New York Heart Association classification; CCM (А 
congestive cardiomyopathic heart À antigen. 
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Fig. 2 Survival curves for congestive cardiomyopathy patients seen during the past seven years (all), for the 10 patients inhibited 
with normal heart antigen or congestive cardiomyopathic (A) antigen, or both, and for the rest of the group not inhibited. 


Discussion 


Lymphocyte transformation and leucocyte migration 
inhibition have been successfully used as tests of cellu- 
lar hypersensitivity to various antigens.!8 Inhibition 
of leucocytes by lymphokines in the presence of tissue 
antigen suggests presensitisation of the cells, a 
response to heart tissue that would not be expected in 
a normal individual. Nevertheless, no test of cellular 
mechanisms proves that T cells are primarily respons- 
ible for tissue damage.!? 

Leucocyte migration inhibition has been widely 
used as a test of hypersensitivity and shown to corre- 
late well with delayed type skin testing,?? for exam- 
ple, in Mantoux positive and negative individuals.?! 
In this study, no skin test was available, whereas in 
studies with other antigens in which skin testing was 

10 
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Fig 3 Lymphocyte transformation results to normal heart 
antigen and congestive cardiomyopathic (A) (CCM (A)) antigen 
at two different antigen concentrations (mg/ml) expressed as the 
mean (SEM) ratio of test to control counts. CCM, congestive 
cardiomyopathy; LHD, ischaemic heart disease. 


possible a migration index of 0-80 has separated the 
positive and negative responders?°?? and has been 
applied in similar studies.?? 

In this study, neither leucocyte migration inhibi- 
tion nor lymphocyte transformation to heart antigens 
showed significant differences between the groups. 
There did, however, appear to be a group of patients 
in the cardiomyopathic group who did show leucocyte 
migration inhibition (migration index <0-80) when 
compared with the other groups using a normal heart 
and congestive cardiomyopathic antigens; the num- 
bers did not reach statistical significance but the 
finding did raise some interesting points. One of the 
difficulties of this study was that by the very nature of 
the illnesses, patients in the ischaemic and car- 
diomyopathic groups died before all testing was com- 
plete. The group of 10 congestive cardiomyopathy 
patients showing inhibition to normal heart antigen 
and congestive cardiomyopathic (А) antigen had a 
5096 mortality compared with 1196 for the rest of the 
group. The haemodynamic data suggested that the 
cardiomyopathy patients showing inhibition had 
worse ventricular function than the rest of the group. 
The congestive cardiomyopathy patients inhibited 
with congestive cardiomyopathic (А) antigen had 
worse haemodynamic data, a shorter duration of ill- 
ness, and higher mortality (7196) compared with the 
remainder of the group. These trends may indicate 
that patients with congestive cardiomyopathy show- 
ing leucocyte migration inhibition to cardiac antigens 
have a more malignant illness and poorer prognosis. It 
is not clear whether this is cardiac tissue specific since 
other tissue preparations were not evaluated in this 
study, which concentrated on showing an effect of 
cardiac antigen preparation in the first instance. The 
few patients with ischaemic heart disease who showed 
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inhibition with normal heart or congestive car- 
diomyopathic (А) antigens were not necessarily those 
with poor left ventricular function (Table 3) suggest- 
ing that such sensitisation is not merely the result of 
end stage cardiac damage whatever the cause. 

These results are similar to those of other groups 
who have also found small numbers of patients within 
the cardiomyopathy group showing hypersensitivity 
to heart antigens.!??* There are several possible 
explanations for these findings. Differing aetiologies 
may lead to different antigens being exposed; for 
example, a virus might predispose to the exposure of a 
particular antigen so that only those patients sensit- 
ised to that particular antigen would show hypersen- 
sitivity. It is interesting that the congestive car- 
diomyopathic (А) heart antigen was from a boy who 
had a rapidly progressive illness, as had those showing 
inhibition with his heart. Different congestive car- 
diomyopathy antigens did not, however, identify 
separate and distinct groups of patients, but overlap 
was seen. The nature of the antigens in such prepara- 
tions of heart muscle was very important. They 
undoubtedly consist of a mixture of soluble cyto- 
plasmic and membrane proteins. Sterility was 
achieved by uitrafiltration, and this excluded the bulk 
of possible antigenic material especially membrane 
bound antigens. The use of a soluble antigen prepara- 
tion in any case is less likely to cause inhibition than a 
particulate antigen. '7 It is possible that the major part 
of the antigen of prime importance is lost altogether in 
the preparation. It may be that hypersensitivity 
occurs terminally, and this would explain why inhibi- 
tion was often present within three months of death. 
Also the response to the heart preparation did not 
seem to be specific to the cardiomyopathy group or 
indeed to patients with heart disease since even the 
normal group had individuals showing a positive 
response. It was of interest that the twin brothers both 
showed inhibition with normal heart antigens; 
perhaps it is these people who, with the appropriate 
stimulus, will procede to develop congestive car- 
diomyopathy. 

In order to probe these findings further the prep- 
aration of a purer and more appropriate antigen will 
be necessary using both biochemical and immunolog- 
ical methods. 
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Progression of hypertrophic cardiomyopathy 
A cross sectional echocardiographic study 
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SUMMARY The progression of hypertrophy was studied in 39 patients with hypertrophic car- 
diomyopathy by echocardiography at follow up from January 1979 to September 1983 (mean follow 
up 42 months). Thirty two patients were treated medically and 11 had had a septal myotomy- 
myectomy. Progression of the hypertrophy was noted in four patients treated with propranolol. An 
. additional region in the left ventricular long axis plane was affected in two, extending to the apical 
< region in one and to the basal region in the other, and an additional segment in the left ventricular 
short axis plane in two extending from the septum into the free wall. The electrocardiograms of 
these four patients showed a significant increase in QRS voltages (Sokolow-Lyon index increase >10 
mm) and of the Romhilt-Estes score (increase 73 points) in two, development of a left bundle 
branch block in one, and no change in one. Progression of hypertrophy was seen in none of the 11 


patients treated with myotomy-myectomy. 


Thus echocardiography accurately detects the progression of hypertrophy in patients with hyper- 
trophic cardiomyopathy, which may be prevented by septal myotomy-myectomy. 


With echocardiography the familial occurrence of 

hypertrophic cardiomyopathy," ? its morphologi- 

cal*- and functional aspects,’~? and the effects of 
: medical!®-!2 and surgical treatment can be 

studied.!? 14 Based on the patterns of distribution of 
_ the hypertrophy, classification into subtypes of hyper- 
trophic cardiomyopathy has been proposed.!5!9 The 
progression of hypertrophy has been assessed in 
patients by electrocardiography,'" but because of its 
low sensitivity and specificity in detecting hypertro- 
phy in these patients!? this method máy not be useful 
for studying its progression. The aim of this study was 
to investigate by serial electrocardiography and cross 
sectional echocardiography whether or not progres- 
sion of hypertrophy occurs in hypertrophic car- 
diomyopathy. 


Patients and methods 


STUDY GROUPS 
Two groups of patients with hypertrophic car- 
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diomyopathy were studied: 39 treated medically (25 
men and 14 women, age range 16-70 (mean 44) years) 
and ll treated with septal myotomy-myectomy (six 
men and five women, age range 17-65 (mean 46) 
years). They were selected from a group of 67 patients 
with hypertrophic cardiomyopathy because the qual- 
ity of their cross sectional echocardiograms allowed 
the endocardial and epicardial borders of the left ven- 
tricular free wall and the endocardial boundaries of 
the interventricular septum to be identified. 

The diagnosis was based on the history, typical 
clinical signs, and the established echocardiographic 
criteria for hypertrophic cardiomyopathy as proposed 
by Goodwin.!? Haemodynamic and angiographic 
studies were carried out in 25 of the 39 medically 
treated patients. À resting or provoked (isoproterenol 
infusion) left ventricular outflow gradient or both was 
noted in 13 of the 25 patients (range 20-155 mm Hg). 
Cardiac catheterisation was not pérformed in the 11 
patients treated surgically. Table 1 shows the clinical 
data of the two groups. The indications for septal 
myotomy-myectomy were severe symptoms despite 
medical treatment with pronounced obstruction to 
left ventricular outflow at rest (250 mm Hg). 
Echocardiographic follow up data were available from 
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Fig.1 Diagram showing the principle of assessment of the regional distribution of the hypertrophy in hypertrophic 
cardiomyopathy from cross sectional echocardiograms in (a) the parasternal long axis view, (b) the apical four chamber view, 
and (c) the apical long axis view. The left ventricle (LV) is subdivided along its long axis into a basal region (B) and an apical 
region (А). 





Table 1 Clinical data of the 50 patients with hypertrophic January 1979 to September 1983 (mean follow up 42 
cardiomyopathy at the time of entry into the study. Figures are months). Each patient underwent at least three ~*~ 
numbers of patients unless stated otherwise echocardiographic and electrocardiographic studies. 
Clinical data Medically Surgically No patient died during the follow up period. 
: treated group treated group 
(n—39) (n=11) ECHOCARDIOGRAPHY 

Male/female 25/14 6/5 Cross sectional echocardiograms were obtained using 
Mean age (yr) 44 46 a phased array system (Toshiba SSH-10 with a 2:25 
NYHA class A 7 MHz transducer and Toshiba SSH-40A with a 3-5 

II 17 4 MHz transducer). In each patient the parasternal long 

m 4 ^ axis and short axis views at multiple levels and the 
Drug treatment: apical four chamber and apical long axis views were 

Propranolol (80-240 mg/day) 30 7 i , i 

Ке (80 240 E Чаў 0 H obtained. Standard M mode echocardiograms of the 





left ventricle were obtained from selected long axis 





Fig.2 Diagram showing the cross sectional echocardiographic short axis views used for evaluating the 
segmental distribution of the hypertrophy in hypertrophic cardiomyopathy. The basal region (a) is at mitral 
valve level (MV) and the apical region (b) at papillary muscle level. The left ventricle (LV) is subdivided 
into four segments and insertion of the free walls of the right ventricle is used as a landmark to separate the 
interventricular septum from free wall. The interventricular septum is divided into anterior (AVS) and 
posterior (PVS) segments. The left ventricular wall is also divided into two segments, an anterolateral free 
wall (ALFW) which includes the anterolateral papillary muscle and an inferoposterior free wall (IPFW). 
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Table 2 Distribution of the hypertrophy by cross sectional echocardiography in the long and short axis of the left ventricle 
in 39 patients with hypertrophic cardiomyopathy. Figures are numbers of patients 


Short axis 

Long axis Partial IVS Entire IVS 
Basal region I 1 

Apical region 0 0 

Basal and apical regions 2 13 

Total (96) 3 (8) 14 (36) 


IVS and partial FW IVS and entire FW Total (%) 
1 0 3(8) 

0 2 2 (5) 

8 11 34 (87) 

9 (23) 13 (33) 


IVS, hypertrophy of the interventricular septum; FW, hypertrophy of the left ventricular free wall; partial IVS, hypertrophy of one septal 


segment (anterior or posterior); entire IVS, h 


ertrophy of both septal segments (anterior and posterior); partial FW, hypertrophy of one 


segment of the free wall (anterolateral or inferoposterior); entire FW, hypertrophy of both segments of the free wall (anterolateral and 


inferoposterior). 


and short axis views for accurate wall thickness 
measurements. 


Analysis of the echocardiograms 

The videotaped cross sectional echocardiograms were 
carefully and independently reviewed in a random 
order by two observers who did not know the name of 
the patient or the date of examination. Hypertrophy 
was considered to be present if the thickness of the 
left ventricular wall was =15 mm. Using guidelines 
proposed by Maron and coworkers,!5 the segments of 
the left ventricular wall near to the lateral borders of 
the sector were considered hypertrophied when their 
thickness was 217 mm in order to avoid overestima- 
tion due to the limited lateral resolution. 

The distribution of left ventricular hypertrophy 
was evaluated in both the long and short axis planes. 
In the long axis, the left ventricle was divided into two 
regions (Fig. 1): the basal region, from the cardiac 
base to a level just above the tips of the papillary 
muscles, and the apical region, from the papillary 
muscles to the cardiac apex. In the short axis plane 
(Fig. 2), at the level of the basal and apical region, the 
ventricular septum was divided in two segments, 
` anterior and posterior. The left ventricular free wall 
was also divided into two segments at these levels, 
anterolateral and inferoposterior. A total of 1360 seg- 
ments were analysed, and agreement between the 
observers in assessing the presence or absence of 
hypertrophy was obtained in 1331 (9896). For the 
remaining 19 segments, consensus was achieved with 
the help of a third observer. 

The echocardiographic criteria used to detect 
progression of hypertrophy were (a) extension of the 
hypertrophy to another region, from the basal to the 
apical region and vice versa along the left ventricular 
long axis, and (b) extension of the hypertrophy to one 
or more segments of the same region along the left 
ventricular short axis. 


ELECTROCARDIOGRAPHY 
Standard 12 lead electrocardiograms were performed 
in all patients on the same day as the echocardio- 


graphic examination. Tracings were recorded with the 
patients in the supine position during quiet respir- 
ation. Amplitude measurements were obtained from 
five consecutive complexes to reduce variation by 
respiration. The presence of left ventricular hypertro- 
phy was diagnosed using the point score system pro- 
posed by Romhilt and Estes?? (Z5 points) and the 
Sokolow-Lyon index (SVI--RVS >35 mm).?! The 
electrocardiograms were analysed independently in 
random order by two observers who did not know the 
name of the patient or the date of examination. 


Results 


MEDICALLY TREATED GROUP 

Table 2 shows the distribution of hypertrophy seen by 
cross sectional echocardiography in the 39 medically 
treated patients. Serial cross sectional echocardio- 
graphic studies showed progression of hypertrophy in 
four patients. In two patients it affected an additional 
region in the left ventricular long axis plane. In the 
first patient the initial septal hypertrophy in the basal 
region extended into the apical region and in the sec- 
ond it extended from the apical to the basal region. 
The extension of the hypertrophy into the basal reg- 
ion was also evident on M mode echocardiography 
(Fig. 3a and 3b). In two other patients progression of 
the hypertrophy affected another segment of the same 
region along the left ventricular short axis, the 
inferoposterior segment of the free wall in one patient 
(Fig. 4) and the anterolateral segment of the free wall 
in the other (Fig. 5). Progression of the hypertrophy 
was seen after two years of follow up and was 
confirmed in subsequent studies. Table 3 shows the 
clinical characteristics of the four patients. 

The electrocardiograms showed an increase in the 
indices of left ventricular hypertrophy in two of these 
patients (Fig. 6). A third patient developed left 
bundle branch block, and no electrocardiographic 
changes were noted in the fourth. 

The mean age and duration of follow up of these 
four patients did not differ from those without 
echocardiographic evidence of progression of hyper- 
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Fig. 3 M mode echocardiograms performed in 1979 (a) and 1982 (b) of a patient with hypertrophic cardiomyopathy and progression 
of hypertrophy present along the long axis from the apical to the basal regions of the inferoposterior wall. (a) The interventricular 
septum at the level of the basal region appeared to be considerably hypertrophied. The left ventricular postenor wall (LVPW) had a 
thickness of 12 mm. (b) After three years the thickness of the left ventricular posterior wall had increased to 15 mm 


Progression of hypertrophic cardiomyopathy 





Fig.4 End diastolic cross sectional echocardiographic 
parasternal short axis views at the level of the basal region of a 
panent with hypertrophic cardiomyopathy, showing (a) 


hypertrophy of the ennre septum and of the anterolateral segment 


of the free wall but normal thickness of the inferoposterior 
segment of the free wall and (b) hypertrophy in the inferoposterior 
segment of the free wall (arrows) three years later. 


trophy. All four were initially asymptomatic (NYHA 
class D. Three remained asymptomatic, while one 
developed mild symptoms (NYHA class ID. The 
cardiothoracic ratio increased in only one patient 
from 0-51 to 0-57). 

Cardiac catheterisation, performed in two of the 
four patents showed a resting outflow pressure 
gradient in both (60 and 100 mm Hg respectively). 
During the follow up period, all four patients were 
treated with propranolol (80-160 mg/day). 


SURGICALLY TREATED GROUP 
In the 11 patients who had undergone septal 
myotomy-myectomy, no progression of hypertrophy 
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Fig. 5 


End diastolic cross sectional echocardiographic 
parasternal short axis views at the level of the basal region of a 
patient with hypertrophic cardiomyopathy showing (a) 
hypertrophy of the entire interventricular septum and of the 
inferopostenor segment of the free wall with normal thickness of 
the anterolateral segment of the free wall, and (b) hypertrophy of 
the anterolateral segment of the free wall three years later 


was noted on either their cross sectional echocardio- 
grams or electrocardiograms; their clinical status 
remained unchanged. 


Discussion 


Our study represents the first observation of progres- 
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Table3 Clinical and electrocardiographic characteristics of the four patients with hypertrophic cardiomyopathy in whom cross 
sectional echocardiographic follow up showed progression of hypertrophy 








Case Sex/age Duration of Family incidence NYHA class Treatment with Electrocardiography 
No (yr) follow up (yr) hypertrophic — propranolol (mg/day) 
cardiomyopathy A B SVI+RVS Score* 
(mm) (points) 
A A B 
1 F/53 3 Е I I 160 64 65 5 5 
2 M/49 4 = I I 80 40 58 2 5 
3 M/49 4 - I II 120 : 40 52 5 8 
4 M/17 3 + 1 1 160 46 LBBB 4 LBBB 





— , absent; +, present; A, initial evaluation; B, last evaluation; LBBB, left bundle branch block. 


*Romhilt-Estes point-score system.?° 


sion of hypertrophy in hypertrophic cardiomyopathy. 
Blectrocardiographic evidence of progression of 
hypertrophy has been reported by McKenna et al in 
20% of their patients with hypertrophic car- 
diomyopathy.!? The lower proportion of patients with 
progression of hypertrophy in our study may be 
explained by the shorter follow up period (3-5 years vs 
8 years) and by the use of a different diagnostic tech- 
nique. Indeed, previous studies have shown a poor 
correlation between the electrocardiographic and M 
"mode echocardiographic changes seen in hypertrophic 
cardiomyopathy.?2~ 24 Cross sectional echocardiogra- 
phy, by visualising the cardiac chambers and walls in 
multiple cross sectional planes and providing accurate 
information about the distribution of the hypertro- 
phy, is superior to electrocardiography in detecting 
hypertrophy. Moreover, conduction disturbances, 
which are a common finding in these patients es- 
pecially after septal myotomy-myectomy,!4?5 further 
limit the use of electrocardiography in studying the 
progression of hypertrophy. In the present study elec- 








trocardiography failed to detect the progression of 
hypertrophy in two of the four patients in whom this 
was clearly seen by cross sectional echocardiography. 
The good reproducibility of the cross sectional 
echocardiograms in identifying the areas of hyper- 
tropy in our study is supported by the high rate of 
agreement obtained by the two observers (98%). 
These data agree with those of previous similar 
studies. !5 16 For the assessment of the progression of 
the hypertrophy, thickness measurements obtained 
from M mode echocardiograms must be guided by 
cross sectional echocardiography, thus limiting the 
variability of these measurements.?6^ 28 

Age, sex, familial incidence of hypertrophic car- 
diomyopathy, and medical treatment do not seem to 
influence the potential progression of hypertrophy. 
McKenna et al, using electrocardiography in a larger 
patient population, found not relation between these 
factors and the increase of electrocardiographic indi- 
ces of left ventricular hypertrophy.!? These authors 
noted worsening of symptoms in their patients with 
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Fig.6 Electrocardiograms recorded in 
(a) 1979 and (b) three years later of a 
patient with cross sectional 





hypertrophy showing a substantial 
increase in the voltage criteria of left 
ventricular hypertrophy (note different 
calibration). 





echocardiographic evidence of progressive 
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the increase of hypertrophy, whereas this occurred in 
only one of our patients. 

The absence of progression of hypertrophy in the 
patients who had had a septal myotomy-myectomy 
may indicate that in addition to symptomatic 
improvement?*-?! this intervention may prevent the 
progression of hypertrophy. This observation obvi- 
ously needs further confirmation. We stress the 
importance of standardisation of the cross sectional 
echocardiographic evaluation of patients with hyper- 
trophic cardiomyopathy. This would allow a better 
comparison between different studies, should greatly 
increase our knowledge about the morphological 
aspects of hypertrophic cardiomyopathy, and further 
determine the rate and clinical importance of the pro- 
gression of hypertrophy in this disease. 


References 


1 Clark CE, Henry WL, Epstein SE. Familial prevalence and gene- 
tic transmission of idiopathic hypertrophic subaortic stenosis. N 
Engl J Med 1973; 289: 709-14. 

2 van Dorp WG, ten Cate FJ, Vletter WB, Dohmen Н, Roelandt J. 
Familial presence of asymmetric septal hypertrophy. Eur ў Car- 
diol 1976; 4: 349-57. 

3 Emanuel R, Marcomichelakis J, Withers R, O'Brien К. Asym- 
metric septal hypertrophy and hypertrophic cardiomyopathy. Br 
Heart J 1983; 49: 309-16. 

4 Henry WL, Clark CE, Epstein SE. Asymmetric septal hypertro- 
phy. Echocardiographic identification of the pathognomonic 
anatomic abnormality of IHSS. Circulation 1973; 47: 225-33. 

5 Martin RP, Rakowsky H, French J, Popp RL. Idiopathic hyper- 
trophic subaortic stenosis viewed by wide-angle, phased array 
echocardiography. Circulation 1979; 59: 1206-17. 

6 Roelandt J. Practical echocardiology. Forest Grove, Oregon: 
Research Studies Press, 1977. 

7 Chahine RA, Raizner AE, Ishimori T, Montero AC. Echocar- 

diographic, haemodynamic and angiographic correlations in 

hypertrophic cardiomyopathy. Br Heart ў 1977; 39: 945-53. 

Domenicucci S, ten Cate FJ, Das SK, Serruys PW, Vletter WB, 

Roelandt J. Extent of hypertrophy in hypertrophic car- 

diomyopathy: two-dimensional echocardiographic and angiog- 

raphic correlation. Eur Heart ў 1983; 4 (suppl F): 67-71. 

Spirito P, Maron BJ. Significance of left ventricular outflow tract 

cross-sectional area in hypertrophic cardiomyopathy: a two- 

dimensional echocardiographic assessment. Circulation 1983; 67: 

1100-8. 

10 Alvares RF, Goodwin JF. Non-invasive assessment of diastolic 
function in hypertrophic cardiomyopathy on and off beta 
adrenergic blocking drugs. Br Heart ў 1982; 48: 204-12. 

11 Hanrath P, Mathey DG, Kremer P, Sonntag F, Bleifeld W. 
Effect of Verapamil on left ventricular isovolumic relaxation time 
and regional left ventricular filling in hypertrophic car- 
diomyopathy. Ат ў Cardiol 1980; 45: 1258—64. 

12 Hanrath P, Mathey DG, Siegert К, Bleifeld W. Left ventricular 
relaxation and filling pattern in different forms of left ventricular 
hypertrophy: an echocardiographic study. Am 7 Cardiol 1980; 45: 
15-23. 

13 Shah PM, Gramiak R, Adelman AG, Wigle ED. Echocardiog- 


oo 


© 


411 


raphic assessment of the effects of surgery and propranolol in the 
dynamics of outflow obstruction in hypertrophic subaortic 
stenosis. Circulation 1972; 45: 516-21. 

14 Maron B], Epstein SE, Morrow AG. Symptomatic status and 
prognosis of patients after operation for hypertrophic obstructive 
cardiomyopathy: efficacy of ventricular septal myotomy and 
myectomy. Eur Heart F 1983; 4 (suppl F): 175-85. 

15 Maron BJ, Gottdiener JS, Epstein SE. Patterns and significance 

of distribution of left ventricular hypertrophy in hypertrophic 

cardiomyopathy. A wide-angle, two-dimensional echocardiog- 

raphic study of 125 patients. Ат Ў Cardiol 1981; 48: 418-28. 

Shapiro LM, McKenna WJ. Distribution of left ventricular 

hypertrophy in hypertrophic cardiomyopathy: a two-dimensional 

echocardiographic study. 7 Am Coll Cardiol 1983; 2: 437-44. 

17 McKenna WJ, Borggrefe M, England D, Deanfield J, Oakley 
CM, Goodwin JF. The natural history of left ventricular hyper- 
trophy in hypertrophic cardiomyopathy: an electrocardiographic 
study. Circulation 1982; 66: 1233-40. 

18 Maron BJ, Wolfson JK, Ciró E, Spirito P. Relation of electrocar- 
diographic abnormalities and patterns of left ventricular hyper- 
trophy identified by two-dimensional echocardiography in 
patients with hypertrophic cardiomyopathy. Am J Cardiol 1983; . 
51: 189-94. 

19 Goodwin JF. The frontiers of cardiomyopathy. Br Heart ў 1982; 
48: 1-18. . 

20 Romhilt DW, Estes EH Jr. A point-score system for the ECG 
diagnosis of left ventricular hypertrophy. Am Heart F 1968; 75: 
752-58. 

21 Sokolow M, Lyon TP. The ventricular complex in left ventricular 
hypertrophy as obtained by unipolar precordial and limb leads. 
Am Heart F 1949; 37: 161-86. 

22 Halpern SW, Mandel WJ, Allen HN, Kraus К, Charuzi Y. Dis- 
parity between echocardiographic and  electrocardiographic 
findings in asymmetric septal hypertrophy [Abstract]. Clin Res 
1977; 25: 89A. 

23 Savage DD, Seides SF, Clark CE, et al. Electrocardiographic 
findings in patients with obstructive and nonobstructive hyper- 
trophic cardiomyopathy. Circulation 1978; 58: 402-8. 

24 Engler RL, Smith P, LeWinter M, Gosink B, Johnson A. The 
electrocardiogram in asymmetric septal hypertrophy. Chest 1979; 
75: 167-73. 

25 Beahrs MM, Tajik AJ, Seward JB, Giuliani ER, McGoon DC. 
Hypertrophic obstructive cardiomyopathy: ten-to 21-year 
follow-up after partial septal myectomy. Ат ў Cardiol 1983; 51: 
1160-6. 

26 Vignola PA, Bloch A, Kaplan AD, Walker HJ, Chiotellis ON, 
Myer CS. Interobserver variability in echocardiography. СО 
1977; 5: 238-42. : à 

27 Gibson DG. Estimation of left ventricular size by echocardiogra- 
phy. Br Heart J 1973; 35: 128-34. 

28 Wong M, Shah PM, Taylor RD. Reproducibility of left ventricu- 
lar internal dimensions with M-mode echocardiography: effects of 
heart size, body position and transducer angulation. Am J Cardiol 
1981; 47: 1068-74. 

29 Morrow AG, Reitz BA, Epstein SE, et al. Operative treatment in 
hypertrophic subaortic stenosis: techniques and results of pre and 
postoperative assessment in 83 patients. Circulation 1975; 52: 
88-102. | 

30 Morrow AG. Hypertrophic subaortic stenosis: operative methods 
utilized to relieve left ventricular outflow obstruction. ў Thorac 
Cardiovasc Surg 1978; 76: 423-30. 

31 Maron BJ, Merrill WH, Freier PA, Kent KM, Epstein SE, Mor- 
row AG. Long-term clinical course and symptomatic status of 
patients after operation for hypertrophic subaortic stenosis. Circu- 
lation 1978; 57: 1205-13. 


1 


е 


Br Heart ў 1985; 53: 412-6 


Improved survival with amiodarone in patients with 
hypertrophic cardiomyopathy and ventricular 
tachycardia 
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SUMMARY The effect of amiodarone on survival was assessed in patients with hypertrophic car- 
diomyopathy and ventricular tachycardia in a drug trial with historical controls. During 1976 and 
1977, 24 hour (seven) or 48 hour (79) electrocardiographic monitoring was performed in 86 consecu- 
tive patients; 24 had ventricular tachycardia and received conventional antiarrhythmic agents. Nine- 
teen clinical, echocardiographic, and haemodynamic features were assessed. Seven patients died 
suddenly during follow up of three years; of these, five had continued to have ventricular tachycar- 
dia and two had no documented ventricular tachycardia. During 1978 and 1979, ventricular 
tachycardia was detected during 48 hour electrocardiographic monitoring in 21 of the next 82 
consecutive patients with hypertrophic cardiomyopathy. They received amiodarone (150-400 mg/ 
day, median 300); ventricular tachycardia was suppressed in all during repeat 48 hour electrocar- 
diographic examination. Two patients died suddenly during a three year follow up, but neither 
belonged to the amiodarone treated group with ventricular tachycardia. The clinical and 
haemodynamic variables were similar in patients taking amiodarone and conventional agents. The 
fact that control of ventricular arrhythmia with amiodarone is significantly associated with improved 
survival suggests that amiodarone may prevent sudden death in patients with hypertrophic car- 
diomyopathy and ventricular tachycardia. 


The high risk of sudden death was one of the earliest 
recognised features and is the most important prob- 


lem in the management of patients with hypertrophic . 


cardiomyopathy.!7$ Approximately 25% of patients 
Show bursts of ventricular tachycardia during elec- 
trocardiographic monitoring, and they are at even 
greater гіѕК.7-!! Amiodarone has been available in the 
United Kingdom since 1973, initially for use on com- 
passionate grounds in specified patients with refrac- 
tory arrhythmia. Once its efficacy was demons- 
trated!?!5 we have since 1978 extended its use to 
patients with hypertrophic cardiomyopathy and ven- 
tricular arrhythmia.'4 We now report our experience 
of the effect of amiodarone on survival of patients 
with hypertrophic cardiomyopathy and ventricular 
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tachycardia. We compared the three year survival of 
24 consecutive patients with ventricular tachycardia 
who had been treated initially with conventional anti- 
arrhythmic agents and of the next 21 consecutive 
patients with ventricular tachycardia, who received 
amiodarone. 


Patients 


One hundred and sixty eight consecutive patients 
with hypertrophic cardiomyopathy aged =5 years 
who were seen at this hospital during 1976 to 1979 
underwent ambulatory electrocardiographic monitor- 
ing with no cardioactive treatment other than beta 
adrenergic blockers, verapamil, or digoxin. Hyper- 
trophic cardiomyopathy is defined as a heart muscle 
disorder of unknown origin that is.characterised by 
unexplained hypertrophy of a non-dilated left ventri- 
cle.!5 The diagnosis was confirmed in 158 patients by 
the demonstration of unexplained left ventricular 
hypertrophy during cross sectional echocardiography. 
The pattern of hypertrophy was classified as asym- 
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metrical, symmetrical, or predominantly distal ven- 
tricular.!5 In the remaining patients echocardiogra- 
phy was technically difficult and the diagnosis relied 
on clinical, haemodynamic, and angiographic fea- 
tures. No patient had documented systemic hyper- 
tension. Cardiac catheterisation had been performed 
in.142 patients, in 112 of them within three years of 
the study. Patients were considered to have a left ven- 
tricular gradient if the difference under basal condi- 
tions or after provocation was =30 mm Hg. 


Methods 


During 1976 and 1977 ventricular tachycardia, 
defined as 23 consecutive ventricular extrasystoles 
with a mean rate of > 120 beats/minute, was detected 
in two of seven patients who underwent 24 hour elec- 
trocardiographic monitoring and in 22 of 79 who 
underwent 48 hour electrocardiographic monitoring. 
Details of these 86 patients have been published.!? 
Symptomatic treatment in the 24 with ventricular 
tachycardia included propranolol in 15 (6396), diure- 
tics in four (1796), and verapamil in one (496). They 
received disopyramide 400—800 mg daily, mexiletine 
600 mg daily, or quinidine 500 mg daily; eight 
received two of these drugs and one was given all 
three. Treatment was guided by electrocardiographic 
monitoring and the presence or absence of side 
effects; plasma drug concentrations were not meas- 
ured. Ventricular tachycardia was suppressed in five 
of the 24. 

During 1978 and 1979, 21 of the next 82 patients 
had ventricular tachycardia during 48 hour elec- 
trocardiographic monitoring. Symptomatic treatment 
in these 21 included propranolol in 16 (7696), diure- 
tics in seven (33%), and verapamil in two (10%). They 
received amiodarone 400-1200 (mean 800) mg daily 
for one week followed by 200 or 400 mg daily for the 


Tablel Arrhythmias in two consecutive groups of patients with 
ventricular tachycardia treated with conventional antiarrhythmic 
agents or amiodarone. Figures are numbers (percentages) 








Conventional Amiodarone 
agents (n=24) (п=21) 
Atrial fibrillation 3 (13) 3 (14) 
Supraventricular tachycardia or 
paroxysmal atrial fibrillation 9 (43) 13 (68) 
2200 ventricular extrasystoles/day 12 (50) 11(52) 
Multiform and paired ventricular 
extrasystoles 19 (79) 19 (90) 
Rate of ventricular tachycardia/min: 
Maximum 210 190 
ean 142 146 
Beats of ventricular tachycardia: 
Maximum 27 22 
Mean 8 7 
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: jnitial maintenance period (four weeks). The dose was 


then adjusted 1—7 (median 2) times during the three 
years in an attempt to achieve the minimum effective 
maintenance dose. Details of their management, par- 
ticularly of the relation of dose, plasma drug concent- 
ration, efficacy, and side effects, have been pub- 
lished.16 In brief, plasma amiodarone concentrations 
were appropriate for the daily dose, and none of these 
21 patients experienced serious side effects. Ventricu- 
lar tachycardia was suppressed with 150-400 (median 
300) mg daily. 

The consecutive patient populations with ventricu- 
lar tachycardia were compared using 19 clinical, 
echocardiographic, and haemodynamic variables; 
their survival was assessed during an outpatient visit 
and was compared 36 months after the detection of 
ventricular tachycardia using Fisher's exact test and 
life table analysis.!? Death was defined as sudden if it 
was unexpected and instantaneous. No patient was 
lost to follow up. 


Results 


The mean and maximum rate and duration of ven- 
tricular tachycardia were similar in the two treatment 
groups; the incidence of associated ventricular and 
supraventricular arrhythmias was marginally higher 
in the amiodarone group (Table 1). There were no 
significant differences in clinical, prognostic, 
echocardiographic, or haemodynamic features bet- 
ween the two groups (Tables 2 and 3). 

Of patients with ventricular tachycardia, five of 24 
who were treated with conventional antiarrhythmic 
drugs died suddenly and unexpectedly within three 
years, whereas all 21 who received amiodarone sur- 
vived three years or longer (Fig. 1). Treatment with 
amiodarone was associated with improved survival 
(p<0-04). The overall mortality in patients who did 
not have ventricular tachycardia was similar during 


Table 2 Clinical and prognostic features in patients with 
ventricular tachycardia treated with conventional agents or 
amiodarone. Figures are numbers (percentages) of patients unless 
stated otherwise р 








Conventional Amiodarone 
agents (n—24) (п=21) 
Mean (SD) age (yr) 46 (12) 44 (13) 
Mean (SD) follow up (yr) 6 (5) 7 (7) 
Mean (SD) duration of 
“ee (yr) 9 (8) 8 (7) 
е : 16 (67) 14 (67) 
Female 8 (33) 7 (33) 
Family history of hypertrophic 
cardiomyopathy and sudden death 5 (21) 3 (14) 
Syncope 5 (21) 8 (38) 
Severe dyspnoea 5 (21 6 (29) 
Chest pain 10 (43) 10 (48) 
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Table 3 Echocardiographic and haemodynamic features 
in patients with ventricular tachycardia treated with 
conventional agents or amiodarone. Figures are numbers 
(percentages) of patients unless stated otherwise 








1976-77 1978-79 
(1=24) (п=21) 
Asymmetrical septal hypertrophy 10 (43) 8 (38) 
Symmetrical left ventricular 
hypertrophy 10 (43) 11(52) 
Mean (SD) thickness of 
thickest segment (mm) 22 (6) 21 (4) 
Left ventricular gradient 230 mm Hg 11 (50) 10 (50) 
Mean (SD) left ventricular end 
diastolic pressure (mm Hg) 19 (6 17 (7) 


the earlier and later treatment periods (two of 62 and 
three of 61 respectively). 


Discussion 


Approximately one third of patients with hyper- 
trophic cardiomyopathy die suddenly within 10 years 
of diagnosis.59 Children and those with а family his- 
tory of hypertrophic cardiomyopathy and sudden 
death, previous syncopal episodes, or ventricular 
tachycardia during electrocardiographic monitoring 
аге at particular risk.?75!9!! In this study of adults 
with hypertrophic cardiomyopathy and ventricular 
tachycardia there was a 2196 three year mortality from 
sudden death in the 24 patients who were treated with 
conventional antiarrhythmic drugs compared with no 
deaths among the next 21 consecutive patients who 
took amiodarone, all of whom survived at least three 
years (Figure 2). Though conventional antiar- 
rhythmic agents may in theory increase the incidence 
of sudden death,!? we did not observe putative 
mechanisms for this, for example, QT prolongation or 
multiform ventricular tachycardia. ^ Overall, 
therefore, we interpret these results as suggesting that 
amiodarone may prevent sudden death in these high 
risk patients. 

For historical reasons this comparison of survival 
during treatment with conventional antiarrhythmic 
drugs and amiodarone could not be randomised but 
was based on two consecutive patient populations 
with hypertrophic cardiomyopathy who had ventricu- 
lar tachycardia detected during electrocardiographic 
monitoring. Soon after our recognition of the high 
incidence of ventricular arrhythmia we entered seven 
of the patients with ventricular tachycardia (included 
in the conventional treatment group) into a compara- 
tive study of the antiarrhythmic effect of diso- 
pyramide and mexiletine. Arrhythmias were not con- 
trolled, side effects were common, and four of the 
seven died suddenly during treatment. Amiodarone 
had just received a restricted licence in the United 
Kingdom; it was quickly shown to be an effective 
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: antiarrhythmic agent in these patients,!^ and a ran- 


domised prospective study in patients with hyper- 
trophic cardiomyopathy and ventricular tachycardia 
was never feasible. To date no patient has died sud- 
denly while taking amiodarone either in this compara- 
tive series of patients with ventricular tachycardia or 
in our larger series of patients with hypertrophic car- 
diomyopathy and other arrhythmias.!9 It would not 


now be possible for us to justify a randomised pros- . 


pective study of amiodarone and conventional antiar- 
rhythmic agents in patients with hypertrophic car- 
diomyopathy and ventricular tachycardia.!? 

The characteristics of these two consecutive patient 
populations with hypertrophic cardiomyopathy and 
ventricular tachycardia were comparable. Clinical and 
prognostic features, the extent and distribution of left 
ventricular hypertrophy, left heart filling pressures, 
and the proportion of patients with left ventricular 
gradients were similar in the two groups. The charac- 
teristics of the episodes of ventricular tachycardia 
were also similar in patients who received conven- 
tional antiarrhythmic drugs and those who received 
amiodarone, while the incidence of associated sup- 
raventricular and ventricular arrhythmias was not 
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Fig. 1 Clinical outcome (a) in 86 consecutive patients 
undergoing electrocardiographic monitoring during 1976 and 
1977, of whom 24 with ventricular tachycardia (VT) were 
treated with conventional antiarrhythmic drugs; and (b) in 82 
consecutive patients undergoing electrocardiographic monitoring 
during 1978 and 1979, of whom 21 with ventricular tachycardia 
(VT) were treated with amiodarone. SD, sudden death; A, 
alive; MI, died of documented myocardial infarction. 
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Fig. 2 Cumulative survival rate for 24 patients with 
ventricular tachycardia treated with conventional antiarrhythmic 
agents ( А), 21 with ventricular tachycardia treated with 
amiodarone (@), and 123 without ventricular tachycardia (О). 
The probability of cardiac death is equal to the total number of 
deaths for the year divided by the adjusted number at risk minus 
the number of deaths due to other causes. ? 


significantly greater in the latter group. In the only 
other large series, from the National Institutes of 
Health, four of 17 patients with ventricular tachycar- 
dia, who received conventional antiarrhythmic 
agents, died suddenly or experienced. cardiac arrest 
during three years!!; thus the annual mortality from 
sudden death of 8-6% was similar to our own finding 
in these patients with ventricular tachycardia. The 
annual mortality from sudden death in medically 
treated patients without ventricular tachycardia was 
also similar in the National Institutes of Health series 
(two of 66) and in our two consecutive populations 
(two of 62; and two of 61). During the period of the 
study we used the same approach to the treatment of 
symptoms, and we corroborated the fact that our 
referral sources, diagnostic criteria, and indications 
for electrocardiographic monitoring did not alter. 

Of the many potential causes of sudden death in 
hypertrophic cardiomyopathy, primary ventricular 
arrhythmia and acute reduction in left ventricular 
volume from decreased afterload or filling pressure 
are the most likely to be important. Amiodarone does 
not alter systolic or diastolic blood pressure or 
radionuclide indices of left ventricular function,?? so 
it is logical to assume that amiodarone prevents sud- 
den death through suppression of episodes of ven- 
tricular arrhythmia. It is also possible that an 
unfavourable haemodynamic alteration is the initiat- 
ing event and that the clinical outcome is determined 
by the electrical behaviour of the myocardium. If this 
hypothesis is correct amiodarone may be effective not 
so much by suppressing non-sustained episodes of 
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ventricular tachycardia as by promoting electrical sta- 
bility of the myocardium?! and may warrant evalua- 
tion in other high risk patients with hypertrophic car- 
diomyopathy. 


We thank Professor M J Healy of the University of 
London and Professor B Benjamin and Dr S Haber- 
man of The City University, London, for statistical 
advice. 


References 


1 Hallopeau М. Retrecissement ventriculo—aortique. 
Gazette Medicale Paris 1869; 24: 683-4. 

2 Teare D. Asymmetrical hypertrophy in the hearts of 
young adults. Br Heart ў 1958; 20: 1-8. 

3 Maron BJ, Roberts WC, Edwards JE, McAllister HA Jr, 
Foley DD, Epstein SE. Sudden death in patients with 
hypertrophic cardiomyopathy: characterization of 26 
patients without functional limitation.‘ Am ў Cardiol 
1978; 41: 803-10. 

4 Frank S, Braunwald E. Idiopathic hypertrophic subaor- 
tic stenosis. Clinical analysis of 126 patients with 
emphasis on the natural history. Circulation 1968; 37: 
759-88. 

5 McKenna WJ, Deanfield J, Faruqui A, England D, Oak- 
ley CM, Goodwin JF. Prognosis in hypertrophic car- 
diomyopathy: role of age and clinical, electrocardiog- 
raphic and hemodynamic features. Am 7 Cardiol 1981; 
47: 532-8. . 

6 McKenna W], Goodwin JF. The natural history of 
hypertrophic cardiomyopathy. Curr Probl Cardiol 1981; 
4: 5-26. 

7 Savage DD, Seides SF, Maron BJ, Myers DJ, Epstein 
SE. Prevalence of arrhythmias during 24 hour elec- 
trocardiographic monitoring and exercise testing in 
patients with obstructive and nonobstructive hyper- 
trophic cardiomyopathy. Circulation 1979; 59: 866-75. 

8 Ingham RE, Rossen RM, Goodman DJ, Harrison DC. 
Treadmill arrhythmias in patients with idiopathic hyper- 
trophic subaortic stenosis. Chest 1975; 68: 759-64. 

9 Canedo MI, Frank MJ, Abdulla AM. Rhythm distur- 
bances in hypertrophic cardiomyopathy: prevalence, 
relation to symptoms and management. Am ў Cardiol 
1980; 45: 848-55. Е 

10 McKenna WJ, England D, Doi YL, Deanfield JE, Oak- 
ley CM, Goodwin JF. Arrhythmia in hypertrophic car- 
diomyopathy: I. Influence on prognosis. Br Heart 7 
1981; 46: 168—72. 

11 Maron BJ, Savage DD, Wolfson JK, Epstein SE. Prog- 
-nostic significance of 24 hour ambulatory electrocardiog- 
raphic monitoring in patients with hypertrophic car- 
diomyopathy: a prospective study. Am 7 Cardiol 1981; 
48: 252-7. 

12 Wheeler PJ, Puritz R, Ingram DV, Chamberlain DA. 
Amiodarone in the treatment of refractory supraventricu- 
lar and ventricular arrhythmias. Postgrad Med ў 1979; 
55: 1—9. 

13 Coumel PH, Bouvrain Y. Etude clinique des effets 
pharmacodynamiques ег antiarrhythmiques de 
l'amiodarone. 7 Agrégés 1973; 6: 69-81. 


416 


14 McKenna WJ, Harris L, Perez G, Krikler DM, Oakley 
CM, Goodwin JF. Arrhythmia in hypertrophic car- 
diomyopathy: II. Comparison of amiodarone and ver- 
apamil in treatment. Br Heart F 1981; 46: 173-8. 

15 Shapiro LM, McKenna WJ. Distribution of left ven- 
tricular hypertrophy in hypertrophic cardiomyopathy: a 
two dimensional echocardiographic study. 7 Am Coll 
Cardiol 1983; 2: 437-44. 

16 McKenna WJ, Harris L, Rowland E, et al. Amiodarone 
for long-term management of patients with hypertrophic 
cardiomyopathy. Ат ў Cardiol 1984; 54: 802-10. 

17 Armitage P. Statistical methods in medical research. 
Oxford: Blackwell Scientific, 1971: 411-4. 

18 Ruskin JN, McGovern B, Garan H, DiMarco JP, Kelly 


McKenna, Oakley, Krikler, Goodwin 


E. Antiarrhythmic drugs: a possible cause of out-of- 
hospital cardiac arrest. N.Engl 7 Med 1983; 309: 1302-6. 

19 Angell M. Patients’ preferences in randomized clinical 
trials. N Engl 7 Med 1984; 310: 1385-7. 

20 Sugrue DD, Dickie S, Myers М], Lavender JP, McK- 
enna WJ. Effect of amiodarone on left ventricular ejec- 
tion and filling in hypertrophic cardiomyopathy as asses- 
sed by radionuclide angiography. Am 7 Cardiol 1984; 54: 
1054-8. 

21 Patterson E, Eller BT, Abrams GD, Vasiliades J, Luc- 
chesi BR. Ventricular fibrillation in a conscious canine 
preparation of sudden coronary death— prevention by 
short- and long-term amiodarone administration. Circu- 
lation 1983; 68: 857-64. 


Br Heart ӯ 1985; 53: 417-30 


Ventricular arrhythmias 
A guide to their localisation 


P M HOLT,* C SMALLPEICE,¢ P B DEVERALL,T А K YATES,t P V L CURRY* 
From the Departments of *Cardiology and Cardiothoracic Surgery, Guy's Hospital, London 


SUMMARY Ап electrocardiographic atlas of ventricular tachycardias was produced by pacing 27 
epicardial sections of the heart and the mitral papillary muscles to simulate focal ventricular 
arrhythmias and simultaneously recording their 12 lead electrocardiographic appearances. One 
hundred and twenty nine patients undergoing cardiac surgery were studied. In five patients all 27 
epicardial sites were paced at operation and in 124 individual sections were paced postoperatively 
with temporary epicardial wires and the electrocardiograms analysed in terms of frontal and horizon- 
tal plan QRS axis, maximum limb lead QRS amplitude, and QRS duration. Each ventricular region 
paced produced a distinctive 12 lead.electrocardiographic pattern. 

Simulated right ventricular arrhythmias had either inferior frontal plane QRS axes (from the 
anterobasal region) or superior frontal plane QRS axes (from the apical and posterior right ventricu- 
lar sections). Horizontal plane QRS axes were directed leftwards, with some posterior shift in the 
anteroapical regions. Simulated arrhythmias from the base of the left ventricle (anteriorly and 
laterally) had inferior frontal plane QRS axes and anterorightward horizontal plane QRS axes. Left 
ventricular arrhythmias with a superior frontal plane QRS axis were readily distinguished by their 
horizontal plane QRS axes: posterorightwards from the anterior and anterorightwards from the 
posterior left ventricular sections. Standard errors of the paced QRS axes for the various epicardial 
sections paced postoperatively ranged from 3-0? to 6:0? using the frontal plane axis. The electrocar- 
diogram was most accurate in localising ventricular arrhythmias from the anterior left ventricle and 
least accurate for those arising from the inferior right ventricle. The appearance of the paced 
electrocardiograms was slightly modified by underlying disease such as myocardial infarction and 
left ventricular hypertrophy. 

This atlas may be useful in comparing the localisation of ventricular tachycardia with the site of 
underlying cardiac disease and may facilitate mapping in patients with refractory ventricular 
tachycardia requiring ablation (either surgical or by high energy impulses). 


Deductive electrocardiography allows approximate 
localisation of ventricular arrhythmias using the prin- 
ciples of axis analysis with its inherent limitations. An 
alternative method of localising ventricular tachycar- 
dia from the conventional 12 lead electrocardio- 
graphic appearances is by a direct comparison with 
arrhythmias arising from known sites—that is, from 
an atlas of ventricular arrhythmias. 

An atlas can be produced by pacing several selected 
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parts of the heart to mimic ventricular tachycardia. 
The surface electrocardiographic appearances result- 
ing from ventricular stimulation at different sites were 
first investigated by Kraus and Nicolai in 1907.! 
Shortly after this, Lewis noted the similarity between 
the electrocardiographic appearances produced by 
stimulating the right and left ventricles and those 
obtained from cutting the left or right bundle 
branches respectively.2~4 Oppenheimer and Stewart 
іп 1926,5 Barker et al іп 1930, and Abramson et al in 
19377 furthered the knowledge in this field, but it was 
with the advent of more sophisticated elec- 
trophysiological techniques that later workers showed 
that pacing the site of earliest ventricular activation 
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Fig. 1 Diagram of the anterior and posterior ventricular 
epicardium divided into 27 sections, 12 anteriorly and 15 
posteriorly in (a) the sternocostal aspect and (b) the 
diaphragmatic aspect. RCA, right coronary artery; LCA, left 
coronary artery; Cx, circumflex; LAD, left anterior descending; 
SA, sinoatrial; LA, left atrium; RV, right ventricle; LV, left 
ventricle. 


reproduces very closely the QRS morphology of the 
spontaneous tachycardia under investigation.’ !9 In 
this study we used this technique of pace mapping, 
which was adopted initially to localise ventricular 
tachycardia during ѕигрегу,!! to produce an elec- 
trocardiographic atlas of ventricular arrhythmias aris- 
ing from certain surfaces of the heart but not as yet of 
those arising from the His-Purkinje trunk and its 
main branches. 


Patients and methods 


The electrocardiographic appearances of ventricular 
arrhythmias were recorded in two separate studies. 


VENTRICULAR ARRHYTHMIAS FROM DIFFERENT 
SITES IN THE SAME PATIENT (OPEN CHEST) 
Five patients undergoing cardiac surgery for the man- 
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agement of their valvar or ischaemic heart disease 
were included in this study. None of the patients with 
ischaemic heart disease had had a myocardial infarc- 
tion. At open heart surgery, the ventricular epicar- 
dium was considered to consist of 27 sections (Fig. 1), 
12 anterior sections (eight right ventricular and four 
left ventricular) and 15 posterior sections (seven right 
ventricular and eight left ventricular). The heart was 
paced from each section using a small bipolar elec- 
trode (Plastimed, Paris) with 4 mm between poles. 
This electrode could be attached to the appropriate 
section and the heart returned to its normal position 
within the thorax during the brief period of ventricu- 
lar pacing mostly at heart rates between 100 and 150 
beats/min, which were constant for each patient. Pac- 
ing was performed at 1-0 V above threshold values, 
usually 2-0-3-0 V. During ventricular pacing the elec- 
trocardiogram was recorded to document the charac- 
teristic appearances of arrhythmias arising from each 
section, as represented in the six standard limb leads 
and three atypical chest leads, V4R, V5, and V6 (all in 
the open thorax). The electrocardiograms were 
recorded during inspiration and expiration. 


VENTRICULAR ARRHYTHMIAS FROM THE SAME 
SITE IN DIFFERENT PATIENTS (CLOSED CHEST) 

In 124 adult patients undergoing heart surgery a tem- 
porary pacing wire was inserted to produce focal acti- 
vation of one of the 27 epicardial sections (Fig. 1). In 
many patients the surgeons found sections 10 and 11 
difficult to distinguish during implantation of the 
temporary epicardial wires, and these regions were 
considered as one. The same problem occurred with 
sections 15 and 16 on the posterior right ventricle, 
which were also regarded as one. 

The temporary pacing wires used have a small 
exposed section of wire approximately 2—3 cm distal 
to the introducing needle. The pacing wire was 
inserted via the ventricular epicardium as a single 
stitch, until the exposed section was buried immedi- 
ately below the epicardium, leaving the two ends of 
the wire protruding. This gave a well localised pacing 
stimulus. The wire was sutured on to the epicardium 
so that it did not become detached in the early post- 
operative period yet was easily removed at the end of 
the pacing study. The leads of the temporary epicar- 
dial wires were brought out by a separate incision and 
the chest closed in the usual manner. Five to seven 
days postoperatively the wires were paced using a 
Devices box at a rate of 10 beats/min above the 
patient's resting rate and a voltage 1-0 V above the 
threshold voltage. А 12 lead electrocardiogram was 
recorded during pacing with the patient supine and 
during quiet respiration. 

In five patients this technique was also used to 
define the 12 lead electrocardiographic appearances of 
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Table 1 Results of electrocardiograms produced on pacing the anterior and posterior ventricles at operation 


Section No of Limb lead QRS axis Maximum limb lead QRS amplitude (mV) QRS duration 
patents ———————————— —————————— (s 
Mean Range SE Mean Range SE 
Anterior ventricles 
Right: 
1 5 +15° 0° to +30° 474° 0-96 0-80—1-0 0-02 0-12 
2 5 +99° +90° to +105° 3.67 1-08 1-0-1-2 0-04 0-12 
4 5 -6 0° to —15? 3-67? 0-97 0-8-1-1 0-05 0:12 
5 5 +63° +45° то +75° 5-6° 0-82 0-7—0-9 0-04 0-12 
7 5 —42° —30° to —60° 5.6° 0-94 0-7-1-1 0-05 0:12 
8 5 -6 0° to —15? ` 367° 0-56 0-4-0-8 0-07 0-10 
10/11 5 —69^ —60° to —75° 3-67? 0-96 0-8-1-1 0-04 0-12 
Left: 
3 5 +129 +120° to +135° 3-67 1-07 0-8-1-3 0-09 0:12 
6 5 +142° +135° to -150 3-67° 1-04 0-8-1-3 0-09 0-12 
9 5 -171° —150 to -180 60° 0-60 0-5-0-7 0-03 0-10 
12 5 —139° —120° to -150° 474 0-80 0-7-1-0 0-05 0-12 
Posterior ventricles 
Right: 
15/16 5 -9? 0° to —30? 6.0° 0-94 0-8—1-0 0-02 0-12 
19 5 —33° —15? to —45° 5.6? 0-69 0-5—0-8 0-03 0-12 
20 5 -30 —15° to —45° 474° 0.78 0-7-0-9 0-04 0-12 
23 5 —63° —60° то —75° 3-0° 0-9 0-7-1-0: 0-03 0-12 
24 5 —54° —45° to —60* 3-67° 0-76 0-6-0-9. 0-05 0-12 
27 5 —93° —75° to —105° 5-6° 1-08 1-0-1-2 0-04 0-12 
Left: 
13 5 +159° +150° to +165 3.67 0-96 0-8-1-1 0-05 0-12 
14 5 —45° —30° to —60° 4-74° 0-88 0-8-1.0 0-04 0-12 
17 5 —147° —135° to —165* 5-6° 0-84 0-6-1-0 0-06 0-12 
18 5 —57° —45? to —60° 3-0° 1-08 0-9-1-2 0-06 0-12 
21 5 -141° — 135° to -150 3-67 0-88 0-7-1-0 0-05 0-12 
22 5 —78° —60° то —90° 5.6° 1-12 1-0-1-2 0-04 011 
25/26 5 —108* —90? to —120° 5.6 1-08 0-9-1-2 0-04 0:12 





ventricular arrhythmias arising from the mitral valve 
papillary muscles. The temporary pacing electrode 
was inserted from the endocardial aspect into the 
papillary muscle and the lead drawn through to the 
epicardial surface until the bared active tail of the 
electrode was left in the papillary muscle below the 
surface in its muscular body. The electrodes were 
fixed by a small epicardial suture to prevent migration 
of the electrode tip. 

The temporary electrodes were removed after one 
week by simple traction without complication, and as 
such was a simple modification of the routine practice 
of leaving a temporary epicardial electrode after open 
heart surgey to overcome any episodes of bradycardia 
that may complicate the early postoperative period. 


Patients 

The electrocardiographic appearances of between four 
and seven patients were recorded per site (mean 4-98 
patients/site). The 124 patients included in this study 
were aged between 16 and 64 years; 68 were men and 
56 women. Eighty nine (71-7%) had ischaemic heart 
disease, 38 of whom had had previous myocardial 
infarction, and 27 (21-796) valvar heart disease. Of the 
latter group, 10 underwent aortic valve replacement, 
10 mitral valve replacement, and seven replacement of 
both valves. А further four patients required surgery 


for valvar and coronary artery disease, two had repair 
of secundum atrial septal defects, one repair of a ven- 
tricular septal defect, and one section of a left side 
Kent pathway (with an otherwise normal heart). 

The five patients in whom pacing of the mitral valve 
papillary muscles was performed were aged 50-66 
years; three were men and two women undergoing 
mitral valve replacement, three for predominant 
mitral regurgitation and two for mixed mitral valve 
disease. 

No patient had spontaneous ventricular tachycardia 
or a left ventricular aneurysm. None was undergoing 
repeat coronary artery bypass grafting. 


ASSESSMENT OF ELECTROCARDIOGRAPHIC 
APPEARANCES 

Paced QRS complexes from ventricular activation 
were described in terms of the following features: (a) 
frontal plane QRS axis; (6) horizontal plane QRS axis; 
(c) maximum limb lead QRS amplitude; and (d) QRS 
duration. The frontal plane axis of the main QRS 
deflection was calculated conventionally by reference 
to all six limb leads. А final correction of +15° or 
— 15? was made if the original calculation was based 
on a lead whose deflection was not completely 
equiphasic. The horizontal plane QRS axis was simi- 
larly calculated by reference to all precordial leads and 


eir loc 


Ventricular arrhythmias: а guide to th 


`Z ‘Bıy ші sp $ә2ирлрәф@ е о а аи ер 
*ju2upd әалилиәѕәмјәл IUO иі UDD ‹иоџэәѕ jpipapoido арупәыиәо 20112180 sod ai Buod &q pau ИС аа 1919) SB. SOURIS ощііӣо1рір2одоа9 


сааи. 
Ы deb ЗААЛАА МАЛЫ. 
Зло ink Mead app seb 
us CO Ie hole ЖК УЛ Л, 


А ка кашк кена аса ы ан 


AI Л ДЫЛЫ AS УМ, 


dede JS dh a YS UR 
Me eh eo, 


Herre e Nh v A THY 


js 0 Mosie ir Nosi- 


M Sa- E urs E iu 





422 


was at right angles to that precordial lead showing the 
most equiphasic deflection. Each feature was 
influenced by the site of ventricular activation and is 
represented diagrammatically by an arrow that has 
direction, length, and width (QRS axis, amplitude, 
and duration respectively) in subsequent Figures. 


Results 


OPEN CHEST STUDY 

Anterior ventricles—Figure 2 shows the representa- 
tive electrocardiographic appearances in the six limb 
leads and two precordial leads produced by direct 
epicardial stimulation of the anterior ventricles in five 
patients. Pacing the right ventricular outflow tract 
produced a limb lead QRS axis of + 105°. Moving the 
site of stimulation closer to the right ventricular apex 
produced an anticlockwise swing in the limb lead 
QRS axis, such that paced arrhythmias from the apex 
had a frontal plane QRS axis of —75°. Changes in 
QRS amplitude also occurred, amplitude being great- 


est when the ventricles were activated from their poles ` 


(apex and base) and smallest in sections 8 and 9 (Fig. 
1) adjacent to the interventricular septum, an elec- 
trocardiographic low amplitude centre of the ventri- 
cles. Pacing the left ventricular epicardial sections 
immediately adjacent to the left anterior descending 
coronary artery changed the limb lead QRS axis from 
-- 120? at the base to —120? at the apex, a clockwise 
swing of 120°. Again a reduction then restoration of 
the QRS amplitude occurred. Table 1 shows the 
details of the limb lead QRS axes in all five patients. 
The QRS duration of simulated ventricular arrhyth- 
mias was narrowest (mean 0-10 s, sections 8 and 9) 
near the septum, especiall in the mid zones 
anteriorly, and widest laterally. 

Posterior ventricles—Figure 3 shows representative 
electrocardiograms produced by epicardial stimula- 
tion of the posterior ventricles. Pacing the posterior 
right ventricular base produced a limb lead QRS axis 
of-0°. Moving the pacing site nearer to the posterior 


right ventricular apex via the free wall again produced. 


a Stepwise anticlockwise swing in axis to —90°. A simi- 
lar trend was produced on pacing those posterior left 
ventricular sections adjacent to the interventricular 
septum. Pacing the remaining left ventricular sections 
altered the limb lead QRS axis from + 165? at the base 
to —120? at the apex (Table 1). There was a slight 
tendency to a reduction in QRS amplitude at the mid 
sections of the posterior ventricles, but no definitive 
picture emerged of an electrocardiographic low amp- 
litude centre as was apparent anteriorly. The duration 
of paced QRS complexes of simulated ventricular 
arrhythmias was 0-11—0-12 s. Increasing the pacing 
rate or pacing energy produced no appreciable 
changes in the QRS morphology. 

Changes in ventilation during pacing produced slight 
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alteration in the limb lead QRS morphology only at 
maximum inspiration and expiration in two patients. 
Deeper S waves were present in leads I and aVL on 
maximum inspiration than on expiration. Therefore 
pacing as described in the methodology for open chest 
patients was performed only during normal respira- 
Поп. The three precordial leads V4R, V5, and V6 
recorded with the chest open were only sufficient to 
determine the bundle branch block pattern and added 
Iittle further localising information. 


CLOSED CHEST STUDY 

Table 2 summarises the appearances of the limb lead 
QRS complexes produced on pacing the ventricular 
epicardial sections in the 124 patients in the second 
study. 

Anterior ventriclee—Pacing the right ventricular 
outflow tract produced a mean limb lead QRS axis of 
+75° changing to a mean value of +51°, —12°, and 
—66? as the right ventricle was paced stepwise from 
outflow to apex in a line parallel to the interventricular 
septum. А similar anticlockwise swing was present in 
the remaining anterolateral right ventricular sections. 
Pacing the anterior left ventricular apex produced a 
mean limb lead QRS axis of —153? with a mean max- 
imum limb lead QRS amplitude of 0-7 mV. As the 
pacing site was moved upwards the anticlockwise 
swing of the QRS axis continued, ending in a mean 
limb lead QRS axis of 4-123? at the left ventricular 
outflow tract, encompassing an arc of almost 360°. 
Figure 4 shows electrocardiograms from individual 
patients, and the tracings are representative of the 
results obtained on pacing the same section in differ- 
ent patients. Complexes of minimum amplitude and 
duration were encountered in positions 5, 8 (right 
ventricle), and 9 (left ventricle), again giving rise to an 
electrocardiographic "centre" to the map. Crossing 
the interventricular septum from right to left was 
associated with the development of a small R wave in 
lead V1 equivalent in conventional terminology to a 
transition from left to right bundle branch block 
appearances. The differences in limb lead axes bet- 
ween Figs. 2 (first study) and 4 (second study) are 
probably due to inconsistencies in electrode place- 
ment. Figure 5 summarises the precordial lead QRS 
axes produced оп pacing the anterior ventricular sec- 
tions. 

Posterior ventricles—The limb and precordial lead 
complexes obtained on pacing the posterior ventricu- 
lar sections can be analysed in the same way and their 
appearances are shown in Table 2 and Fig. 6. Pacing 
the posterior right ventricular apex produced a mean 
limb lead QRS axis of —81°, which swung anticlock- 
wise to mean values of —63°, —42°, and —7-5° as the 
pacing site was moved stepwise up to the base of the 
heart adjacent to the posterior interventricular sep- 
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Table 2 Results of electrocardiograms produced on pacing anterior and posterior ventricles postoperatively 
Section No of Limb lead QRS axis Maximum limb lead QRS amplitude (mV) ud duration 
patients б 
Mean Range SE Mean Range SE 
i Anterior ventricles 
Right: 
1 5 +9° Ф to +15° 3-67° 0-88 0-7-1-2 0-08 0-12 
2 5 +75° +60° to +90°, 474° 1-28 1-1-1-5 0-07 0-12 
4 5 -2r 0° to —30° 6:0° 0-84 0-7-1-1 0-09 0-12 
5 5 +51° +45° to +60° 3.67° 0:62 0-5—0:7 0-05 0-10 
7 5 —39 —30? to —45? 3.67? 1:62 1-1-2-0 0-27 0-12 
8 5 —12° 0° to —15? 3-0° 0-65 0-4-0-9 0-10 0-10 
10/11 5 —66* —60° to —75? 3-67° 1-4 10-17 0-14 0-12 
Left: | 
3 5 +123° +120° to +135° 3-0° 1-66 1:3-1-9 0-10 0-12 
6 5 +153° +150° to +165 30° 1-0 0-8-1-2 0-07 0-12 
9 5 -177° — 165° to — 180° 3-0° 0-5 0-3-0-7 0:04 0-10 
12 5 -153* —150° to — 165? 3.0 0-74 0.5-0-9 0-05 0-12 
4 Posterior ventricles 
Right: 
15/16 4 —7.5° 0° to —15? 43° 1-07 0-7-1-3 0-13 0-12 
19 5 —42° —30° го —45° 3-0° 1:32 0-8-1-9 0-15 0-12 
20 5 —36° —30? to —45° 3-67° 1:58 0-8-2-4 0-32 0-12 
23 5 — 63° —60° го —75° 3.0* 15 0-8-2-0 0-23 0-12 
24 5 —51? —45? to «60? 3-67° 1:9 17-25 0-15 0-12 
27 7 —81? —75? to —90° 3-0° 2:2 1:5-3-0 0-33 0-12 
Left: : 
13 4 +124° +120° to +135° 3.75? 0-95 0-8-1-1 0:06 0:12 
14 4 —49? —45? to —60° 3.75? 1-55 1-0-2-0 0-29 0:12 
17 5 — 144° — 135° to – 150° 3.67° 0:82 0-5-1-4 0-16 0-12 
18 5 —69* —60? to —75? 3-67° 1-08 0-8-1-7 0:16 0-12 
21 5 —129° —]20?to —135° 3.67 0-94 0-7-1.4 . 012 0.12 
22 5 -81* —75° to —90* 367 1:58 1-3-2-0 : 014 1:12 
25 | 5 —117° —105° to —120° 3-0° 1-34 0-8-1-9 0-2 0-12 
26 5 —93° —90° to —105° 3-0° 1-68 1-4-2-3 0-16 0.12 


tum. Similar frontal plane axes were seen on pacing 
the left ventricular sections adjacent to the interven- 
tricular septum. The remaining left ventricular sec- 
tions produced a sort of “mirror image" in which the 
mean limb lead QRS axis swung anticlockwise step- 
wise from — 117? to + 124? from apex to atrioventricu- 
lar groove. À region of low voltage complexes was not 
found posteriorly, which contrasts with the findings 
on pace mapping the anterior ventricles. Figure 7 
shows the horizontal plane QRS axes. Posterior left 
ventricular sites could be distinguished from anterior 
left ventricular sites by reference to the horizontal 
plane axes. р 

The appearances obtained in this study using the 
temporary epicardial wires for postoperative pacing 
produced results very similar to those of the first 
study. 


Mitral valve papillary muscles 

Pacing the anterior papillary muscle of the mitral 
valve produced a mean limb lead QRS axis of — 170° 
and maximum limb lead QRS amplitude of 1-17 mV, 
with a mean duration of 0-127 s. The corresponding 
values produced by pacing the posterior papillary 
muscle of the mitral valve were --90°, 1-05 mV, and 
0-12 s respectively (Table 3, Figs. 8 and 9). 


Variation between patients 
Pacing the same site in different patients often pro- 
duced similar 12 lead electrocardiographic appear- 
ances despite the wide differences in their physical 
features and those of their resting 12 lead electrocar- 
diogram in sinus rhythm. 


Effects of pre-existing cardiac disorders 

Myocardial infarction—Thirty eight of 124 patients in ` 
whom temporary epicardial wires were paced post- 
operatively had previous myocardial infarction. Six- 
teen patients had had previous anterior myocardial 
infarction, 20 previous inferior infarction, and two 
previous posterior myocardial infarction. The pres- 
ence of inferior myocardial infarction made no apprec- 
iable difference to the paced electrocardiograms. Pre- 
vious anterior or posterior infarctions did not appreci- 
ably affect the limb lead appearances of the paced 
electrocardiograms but principally altered those of the 
precordial leads. Previous anterior myocardial infarc- 
tion caused a diminution of the initial К wave amp- 
litude in the precordial leads of the paced complexes, 
whereas a previous posterior myocardial infarction 
increased the height of the paced precordial lead R 
wave. The loss of initial R waves can be seen in Fig. 6, 
section 19, where the electrocardiogram was recorded 
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Fig. 4 Twelve lead 
electrocardiographic 
appearances for the anterior 
ventricular sections recorded 
by pacing temporary 
epicardial wires 
postoperatively. Each 
electrocardiogram and the 
values above are taken from 
one patient, and are examples 
of the values recorded in that 
group in whom the same 
section was paced. The arrows 
summarise the limb lead QRS 
appearances as in Fig. 2. 
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Fig. 5 Diagram showing by means of arcs the range of horizontal lead axes encountered in patients with temporary epicardial wires 
inserted in the anterior sections.“Stippled areas represent precordial.lead axis during sinus rhythm; hatched areas represent precordial 
lead axis'during pacing. The radius of the arcs represents the mean maximum amplitude of the precordial lead QRS complexes. RV, 


right ventricle; IVS, interventricular septum; LV, left ventricle. 


in a patient with previous anterior infarct (see adja- 
cent section 20). 

Bundle branch block—Right bundle branch block 
occurred infrequently. Only six patients had right 
bundle branch block on their resting electrocardio- 
gram: five had temporary epicardial wires placed in 

' the posterior right ventricle and one in the posterior 
left-ventricle. It did not affect the limb lead or precor- 


dial lead axis or the duration of the paced ventricular, 


complexes. Six patients had pre-existing left bundle 
branch block. Three had temporary epicardial wires 
positioned in the anterior right ventricle, one in the 
posterior right ventricle, and two in the left ventricle, 
one anteriorly, the other posteriorly. The paced elec- 
trocardiograms appeared uninfluenced by the pres- 
ence of left bundle branch block on the resting elec- 
trocardiogram. 

Left ventricular hypertrophy—Ten of 124 patients 
included in the second study had the voltage criteria 
of left ventricular hypertrophy on their resting elec- 
trocardograms. Five of these had epicardial wires 


inserted into the anterior right ventricle and three into 
the posterior right ventricle. Two patients had post- 
erior left ventricular pacing wires. Left ventricular 
hypertrophy did not affect the limb lead or precordial 
lead QRS axes or the QRS duration of the paced com- 
plexes. The QRS amplitude of the paced complexes 
was, however, larger in those with left ventricular 
hypertrophy. 


Discussion 


Using pace mapping we have produced a working 
atlas of ventricular arrhythmias, an application of . 
pace mapping that was envisaged in 1979.!! The 12 
lead electrocardiographic appearances from ventricu- 
lar activation vary according to the site paced. Pacing ' 
the same site in different patients gives rise to similar 
electrocardiographic appearances. It is now possible 
not only to identify the ventricle of origin but also to 
localise ventricular arrhythmias to a region of that 
ventricle using the conventional 12 lead electrocar- . 
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Fig.6 .Electrocardiograms from individual patients in whom the posterior ventricular sections were paced 
representing the results obtained when that same section 1s paced in different patients. The paced tracing of 
section 19 has small initial R waves in V I—V4 and was taken from a patient with a previous anterior 
myocardial infarction (see text). RV, right ventricle; LV, left ventricle. 
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Fig. 7 Diagrammatic summary of precordial lead axes obtained in patients with temporary epicardial wires inserted in the posterior 
ventricular sections. Stippled areas represent precordial lead axis during sinus rhythm; hatched areas represent precordial lead axis 
during pacing; broken arrow denotes patients with bundle branch block on the resting electrocardiogram. RV, right ventricle, LV, left 


ventricle, IVS, interventricular septum. 
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Fig. 8 Electrocardiograms on pacing the (a) anterior and (b) 
posterior mitral valve papillary muscles recorded from individual 
patients but representative of the results obtained from the whole 
group of patients in whom the mitral valve papillary muscles 
were paced. 
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Fig.9 Diagram showing the 
precordial lead QRS axes 
produced on pacing the 
anterior papillary muscle (top) 
and posterior papillary muscle 
of the mitral valve. 


939 


diogram. Since the mechanism!? of a ventricular 
arrhythmia has no bearing on its final electrocardio- 
graphic appearances the atlas can be applied to the 
localisation of focal, triggered, and re-entry types. 

The most important of the 12 electrocardiographic 
leads in identifying the segment from which the 
tachycardia arises in the long axis of the heart is lead 
II. This is shown in Figs. 2 and 4 by the transition of 
the main QRS deflection from positivity to negativity 
in this lead as the site of simulated ventricular 
tachycardia moves from the base to the apex of the 
heart respectively. . 

'The electrocardiographic effects produced by a 
transition of simulated ventricular tachycardia loci 
across the ventricles from right to left are best seen in 
the precordial leads and also in lead I, in which the 
paced QRS deflection becomes more negative as the 
site of stimulation is moved from right to left. The 
transition of the paced QRS in lead I from positivity 
to negativity on stimulating the posterior ventricles 
does not occur at the anatomical landmark of the 
interventricular septum but is shifted somewhat 
towards the left ventricle. This confirms Abramson et 
al’s findings.” 

Our results show that ventricular arrhythmias with 
an inferior frontal plane QRS axis and a posterior 
leftward horizontal plane QRS axis originate from the 
anterobasal region of the right ventricle. Arrhythmias 
with a superior frontal plane QRS axis need careful 
scrutiny of their precordial lead appearances. Those 
with a posteroleftward horizontal plane QRS axis 
originate from the anterior and apical regions of the 
right ventricle and those with a leftward horizontal 
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QRS axis from the posterior right ventricle. Attention 
to QRS duration further improves discrimination. 

Certain pairs of right ventricular sections (4 and 7; 
10/11 and 27; 19 and 20), however, produced paced 
electrocardiograms with very similar appearances. 
Therefore arrhythmias from these sites can be reliably 
resolved into only three and not six sections from their 
surface 12 lead electrocardiograms. In addition, the 
electrocardiogram from section 19 (Fig. 6) is very 
similar to that for section 7 (Fig. 4) and was obtained 
from a patient with previous anterior myocardial 
infarction. The resultant loss of R waves in the paced 
precordial lead complexes (V 1—4) shifts the horizontal 
axis, in this example from section 19, into the same 
range as that obtained by pacing sections from the 
anterior ventricles. 

Simulated arrhythmias from the base of the left 
ventricle anteriorly and laterally have an inferior fron- 
tal plane QRS axis and an anterorightward horizontal 
plane QRS axis. Left ventricular arrhythmias with a 
superior frontal plane QRS axis are readily disting- 
uished by analysing their precordial leads; those with 
a posterorightward horizontal QRS axis originate 
from the anterior left ventricle and those with an 
anterorightward horizontal QRS axis from the post- 
erior left ventricular sections. Arrhythmias from only 
two left ventricular sections (3 and 13) show appreci- 
able overlap of their electrocardiographic appearances 
and are therefore not readily distinguished by the sur- 
face 12 lead electrocardiogram. 

In this study we analysed the results of pacing small 
numbers of patients from a large number of ventricu- 
lar sites in an attempt to give a detailed electrocar- 
diographic atlas. Pacing more patients from fewer 
sites would have allowed better evaluation of the 
reproducibility of the electrocardiographic morphol- 
ogy and possibly the effects of underlying disease. 
Comparatively srnall changes in the site of pacing can, 
however, produce electrocardiographic changes, 
especially in the left ventricle. Therefore pacing fewer 
larger sections in the same patients would consider- 
ably diminish the electrocardiographic detail of the 
atlas. 

Josephson et al reported the unusual presence of a 
left bundle branch block QRS morphology in the sur- 
face electrocardiogram during ventricular tachycardia 
that, according to the site of earliest recorded activa- 


Table 3 Results of electrocardiograms produced by pacing the mitral valve papillary muscles postoperatively 





Papillary muscle Frontal plane QRS axis Limb lead QRS amplitude (mV) Limb lead ОК$ duration (mV) 
Anterior —165* 0-7 0-14 
—165° 14 0-12 
—180° 1-4 0-12 
Mean —170° 117 0.13 
Posterior — DE 10 @12 
— Ff 1-1 0-12 
Меап — 90° 1:05 0-12 
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tion, was arising from the left ventricle.!? !4 Virtually 
all these patients, however, had left ventricular 
aneurysms associated with the arrhythmia. The 
development of a ventricular aneurysm may appreci- 
ably disrupt the spread of the depolarisation front and 
caüse variable activation patterns in the same 
tachycardia. Great caution must, therefore, be exer- 
cised in interpreting the surface electrocardiograms of 
those patients with ventricular tachycardia and ven- 
tricular aneurysm. Further experience is needed with 
pace mapping studies in such cases. None of the 
patients included in our study had a left ventricular 
aneurysm. 

Following our preliminary communication!! Wax- 
man and Josephson and Josephson et al also studied 
" electrocardiographic patterns produced by pacing dif- 
ferent sites on the left ventricular endocardium and 
compared them with operative findings.!5!5 They 
studied 14 patients using percutaneous electrodes, but 
not all of the selected mapping sites were paced in 

each patient. Localisation of the pacing tip was judged 
` by multiplane fluoroscopy with its inherent inac- 
curacies. 

Our observations from epicardial pace mapping 
studies corroborate their findings during endocardial 
studies of large R waves in the precordial leads on 
pacing the posterior left ventricular sites and small R 
waves and deep S waves in leads V1—6 on pacing the 
anterior left ventricular sections. The same trend of 
predominantly superiorly directed limb lead QRS 
axes from apical and posterior left ventricular sites 
was also confirmed. Because it was impossible to pace 
all possible sites, particularly the endocardial surface 
and the septum, this atlas strictly refers to arrhyth- 
mias arising from the epicardial surface. 

Our work and previous studies have shown that the 
site of origin of ventricular tachycardia may be inac- 
curately identified if attention is confined to the 
arrhythmia appearances in only a limited number of 
electrocardiographic leads.!^ The so called left or 
right bundle branch block  classification!? is 
insufficiently precise. The entire 12 lead electrocar- 
diogram of a ventricular tachycardia should be 
scrutinised. Any factors that influence QRS axes (for 
example, previous myocardial infarction) should be 
taken into account. 

This atlas of ventricular arrhythmias has clinical 
implications since it allows the site of the ventricular 
tachycardia to be compared with that of the underly- 
ing cardiac disease. For example, ventricular 
tachycardia complicating the mitral valve prolapse 
syndrome has been shown to arise from the mitral 
papillary muscles.!$ More recently the relation bet- 
ween sites of ischaemia (localised on an electrocar- 
diogram) and of ventricular arrhythmias has been 
studied clinically.!9~22 Our atlas may be used to local- 
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ise ventricular arrhythmias to specific coronary artery 
territories in those with ischaemia.?3 

Another application of the electrocardiographic 
atlas is to the preoperative localisation of a refractory 
ventricular tachycardia requiring ablation either sur- 
gically or by high energy impulses.?4 25 The feasibility 
of the procedure in terms of accessibility of the 
tachycardia can be considered and the duration of the 
peroperative mapping procedure reduced by a prior 
awareness of the area of interest. By means of a stan- 
dard simple investigation the 12 lead electrocardio- 
graphic ventricular arrhythmias can now be more 
accurately localised. 
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Haemodynamic and neurohumoral response to exercise 
in patients with congestive heart failure treated with 
'captopril 
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SUMMARY The contribution of the renin-angiotensin system to the cardiovascular response to exer- 
cise was studied in 12 patients with congestive heart failure. The haemodynamic effects of captopril 
were measured at rest and during supine bicycle exercise. After captopril administration, resting 
systemic vascular resistance fell by 26-696 and mean blood pressure by 16-796 and cardiac index 
increased by 19-796. During exercise, captopril decreased systemic vascular resistance by 25:696 and 
mean blood pressure by 8-296 and increased cardiac index by 24-496. Pulmonary wedge pressure fell 
by 2596 at rest but was not altered by captopril during exercise. Pretreatment plasma renin activity 
increased from 13-4(16-0) ng/ml/hr (10-3(12-3) mmol/l/hr) at rest to 20-0(27-8) ng/ml/hr (15-4(21-4) 
mmol/l/hr) during exercise. Pretreatment plasma noradrenaline concentration increased from 
659(433) pg/ml (39(25-6) nmol/l) at rest to 2622(1486) pg/ml during exercise (155(88) nmol/l). 

Captopril favourably alters systemic vascular resistance and cardiac index during exercise in patients 
with congestive heart failure. This may reflect inhibition of the increased activity of the renin- 
angiotensin system during exercise in these patients and a subsequent reduction in systemic vaso- 


constriction. 


The renin-angiotensin system contributes to systemic 
vasoconstriction in patients with congestive heart 
failure. After the administration of saralasin (an 
angiotensin II antagonist) and of teprotide, captopril, 
and enalapril (angiotensin-converting enzyme 
inhibitors) resting cardiac function improves as a con- 
sequence of systemic vasodilatation.!~!° A beneficial 
haemodynamic response during exercise also occurs 
after captopril administration. This includes an 
increase in cardiac output and stroke volume and a fall 
in systemic vascular resistance.!!!? The clinical 
efficacy of captopril has been shown in placebo con- 
trolled trials.!? 13 

In resting patients the vasodilatation that accom- 
panies converting enzyme inhibition correlates with 
the pretreatment resting plasma renin activity.?78 
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While plasma renin activity also increases during 
exercise in normal subjects, it is not established that 
plasma renin activity increases in patients with heart 
failure during ехегсіѕе.!< 15 Activation of the renin- 
angiotensin system during exercise would further con- 


` tribute to vasoconstriction and as a result limit the 


increase in cardiac output. Captopril may, therefore, 
inhibit angiotensin mediated vasoconstriction during 
exercise and thus improve cardiac function. 

Some investigators have reported a fall in plasma 
noradrenaline concentration after converting enzyme 
inhibition, though this has not been confirmed by 
others.?$ During exercise, plasma noradrenaline 
increases in normal subjects and in patients with con- 
gestive heart failure.!4^^!7 A decrease in sympathetic 
nervous system activity may contribute to captopril 
mediated vasodilatation. 

This study was therefore designed to assess the 
haemodynamic and neurohumoral response to cap- 
topril during exercise in patients with congestive heart 
failure. Plasma renin activity and noradrenaline con- 
centrations were assessed at rest and during exercise 
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to determine whether haemodynamic changes seen 
during exercise after converting enzyme inhibition 
can be explained by inhibition of the renin- 
angiotensin or sympathetic nervous systems. 


Patients and methods 


STUDY POPULATION 

Twelve patients with symptoms and signs of severe 
congestive heart failure participated in the study. The 
group included 11 men and one woman (mean age 
59(11) (range 37—74) years). The cause of congestive 
heart failure was coronary artery disease in six 
patients as documented by previous myocardial 
infarction or coronary angiography or both and hyper- 
tension in two. Four patients had a primary car- 
diomyopathy of unknown aetiology. Patients having 
sustained a myocardial infarction within three months 
or those with primary valvar pathology were 
excluded. The mean duration of heart failure was 
5-2(3-5) years (range one month to seven years). Eight 
of the patients were categorised as being in New York 
Heart Association class III and four as being in class 
IV. All had been receiving digitalis and diuretic 
drugs. The mean radionuclide ejection fraction was 
23-7(11-6)%. The protocol of the study had the 
approval of the Institutional Review Board for 
Human Research, and each patient gave informed 
consent. 

Patients were admitted to hospital and maintained 
on a diet containing 86 mmol sodium daily for at least 
three days before the study. АП vasodilators were 
withdrawn at least 48 hours before the investigation. 
Digitalis, diuretics, and all medications other than 
clinically necessary antiarrhythmic agents were with- 
held on the day of the haemodynamic study. 


CENTRAL HAEMODYNAMIC ASSESSMENT 

On the evening before the study, patients underwent 
~ right heart catheterisation with a Swan-Ganz catheter 
(Edwards Laboratories) and radial artery cannulation. 
Pressures were measured using a Hewlett-Packard 
model 1280 strain gauge transducer and recorded on a 
direct-writing Hewlett-Packard multigraph. Mean 
pressures were obtained by electronic integration. 
Zero reference was chosen at a level 5 cm vertically 
beneath the sternal angle. Heart rate was determined 
from the simultaneous electrocardiographic signal. 
Cardiac output was determined by the Fick method as 
detailed below. Thus measurements were obtained for 
systolic, diastolic, and mean blood pressure, mean 
pulmonary artery pressure, pulmonary capillary 
wedge pressure, апа right atrial pressure. 
Hemodynamic indices and systemic resistance were 
calculated from pressure and output values according 
to standard formulas.!5 
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RESPIRATORY GAS ANALYSIS AND 
DETERMINATION OF CARDIAC OUTPUT 

A Beckman metabolic cart comprising a volume 
transducer, a Beckman OM-11 oxygen analyser, and a 
Beckman UB-2 carbon dioxide analyser was used to 
determine minute volume oxygen consumption 
(Vo,), and minute volume carbon dioxide production 
(Vco,). Oxygen and carbon dioxide concentrations in 
expired air were delivered via a mouthpiece with a low 
resistance three way valve to a mixing chamber, vol- 
ume transducer, and gas analyser. The gas analyser 
was calibrated with 496 carbon dioxide and 1696 
oxygen calibration gas. À model 1810 Monroe pro- 
grammable calculator was used to calculate VO, and 
Vco,. Blood was collected for arterial and mixed 
venous oxygen content. Blood for oxygen content was 
analysed on a Lex-O,-Con oxygen analyser (Lexing- 
ton Instruments). Cardiac output was calculated as 
the ratio of the VO, to the arteriovenous oxygen con- 
tent difference. 


PLASMA RENIN ACTIVITY AND PLASMA 
NORADRENALINE CONCENTRATION 
MEASUREMENTS 

Samples of mixed venous blood for measurement of 
plasma renin activity and noradrenaline concentration 
were collected while the patients were resting supine 
and at peak exercise, before and after captopril 
administration. The collection of blood coincided 
with the haemodynamic measurements. Blood speci- 
mens for plasma renin activity and noradrenaline con- 
centration were immediately placed on ice and cen- 
trifuged at 4?C. Plasma renin activity was determined 
by a radioimmunoassay for angiotensin I generation 
and plasma noradrenaline concentration by a radioen- 
zymatic assay.!? 20 


STUDY PROTOCOL 

Patients were studied after fasting overnight without 
premedication. Haemodynamic measurements were 
made while patients were lying supine. Systemic 
haemodynamic data were collected until three succes- 
sive determinations 10 minutes apart showed homeo- 
stasis. Simultaneous respiratory gas analysis also 
assured a stable resting state. Patients then began 
exercise on a Quinton supine bicycle ergometer at a 
workload of 33 W (200 kpm), pedalling at 40 to 50 
rev/min. The duration of this stage was three minutes. 
The workload was increased by 8 W (50 kpm) every 
three minutes. Haemodynamic measurements, collec- 
tion of arterial and mixed venous blood for oxygen 
content, and respiratory gas analysis were performed 
during the last minute of each stage. Exercise was 
terminated when the patient was unable to continue 
because of dyspnoea or fatigue. Haemodynamic 
measurements and respiratory gas analysis were 
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Table Effect of captopril on systemic haemodynamics and oxygen consumption at rest and during exercise. Values are mean (SD) 











Rest Exercise 

Control Captopril p value * Control Captopril p value * 
Vo, (ml/min) | 239 (45) 268 (130) NS 689 (94) 678 (94) NS 
Systemic vascular resistance (дуп s cm^5) 2138 (802) 1569 (614) «0-01 1719 (766) 1275 (487) «0-05 
Blood pressure (mm Hg) 99 (20) 2 (17) «0:01 113 (24) 104 QD «0-01 
Cardiac index (l/min per m?) 2-1 (0:8) 2-6 (0:9) <0:05 3:5 (1:7) 4-4 (2:4) <0:05 
Stroke volume index (ml/m?) 26 (11) 31 (14) «0-05 29 (15) 39 (16) «0-05 
Heart rate (beats/min) 88 (18) 85 (18) NS 122 (20) 114 (17) NS 
Pulmonary capillary wedge pressure 

(mm Hp 28 (11) 21 (9) «0-05 39 (10) 36 (10) NS 


*Significant differences between values obtained during the control period and those obtained after captopril administration. 


obtained during the minute before exercise termina- 
tion. A plateau of VO, and a disproportionate rise in 
Ўсо, signalled the onset of anaerobic metabolism and 
maximal exercise capacity. 

Patients were allowed to rest for at least four hours. 
After baseline conditions were re-established and 
homeostasis again assured, captopril 25 mg was given 
orally. Resting haemodynamic measurements were 
repeated 30 and 45 minutes later. Incremental supine 
bicycle exercise was then repeated to maximal toler- 
ance as described above, with haemodynamic meas- 
urements, blood collection, and respiratory gas 
analysis being obtained during the last minute of each 
stage. Each patient again exercised to fatigue as ver- 
ified by a plateau in VO, and a disproportionate 
increase in VCO,. 


STATISTICAL ANALYSIS 

Values are expressed as mean (SD). Data at rest and 
during exercise and before and after captopril were 
analysed by the paired t test or the Wilcoxon rank sum 
test. Measurements obtained at rest and during max- 
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Fig. 1 Effect of captopril on (a) blood pressure, (b) cardiac 
index, (c) systemic vascular resistance, and (d) pulmonary 
capillary wedge pressure at rest and during exercise. Values are 
mean (SD). * p «0-05 precaptopril vs postcaptopril; ** p «0-01 
precaptopril vs postcaptopril; + p «0-05 rest vs exercise; 
tp<0-01 rest vs exercise. 


Exercise Rest 


imal exercise before treatment were compared with 
those obtained at rest and during the comparable 
exercise stage after treatment. Statistical significance 
is defined as p« 0-05. 


Results 


RESTING HAEMODYNAMIC RESPONSE TO CAPTOPRIL 
(TABLE, FIG. 1) : 

There was no significant difference in any of the rest- 
ing haemodynamic variables obtained before exercise 
on the morning of the investigation and before 
administration of captopril several hours after the 
completion of exercise. Thus a resting baseline was 
re-established before captopril administration. Cap- 
topril decreased the mean blood pressure by 16-796 
(р<0-01) and the systemic vascular resistance by 
26-696 (р<0:01), while the cardiac index increased by 
19-796 (p<0-05). Since there was no significant change 
in heart rate, the increment in cardiac index was sec- 
ondary to a 16:7% increase in stroke volume index 
(p«0-05). Captopril reduced the pulmonary capillary 
wedge pressure by 24-696 (р<0:05). 


o Before captopril 
e After captopril 
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Fig. 2 Effect of captopril on (a) plasma renin activity and (b) 
plasma noradrenaline concentration at rest and during exercise. 
Values are mean (SD). ** p «0-01 precaptopril vs postcaptopril; 
T 0 «0-01 rest vs exercise; $ p «0-001 rest vs exercise. 

Conversion: traditional to SI units—renin: 1 ng/ml == 0-77 
mmol/l; noradrenaline 1 pgiml ~ 0-059 nmol/l. 


Rest Exercise 


Exercise 
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EFFECT OF CAPTOPRIL ON EXERCISE 
HAEMODYNAMICS (TABLE, FIG. 1) 

During maximal exercise, captopril reduced the mean 
blood pressure by 8-296 (p<0-01) and systemic vascu- 
lar resistance by 25-6% (p<0-05). The cardiac index 
increased by 24-496 (p<0-05) and the stroke volume 
index by 32-996 (p<0-05). The heart rate during exer- 
cise did not differ after captopril compared with pre- 
treatment values. Captopril did not decrease the pul- 
monary capillary wedge pressure during exercise. 
There were no significant changes in exercise duration 
from a pretreatment time of 5-1(1-9) minutes or in 
maximal oxygen consumption from a pretreatment 
value of 689(94) ml/min after captopril. The respirat- 
ory quotient, or ratio of VCO, to VO,, was 1-0(0-1) at 
maximal exercise before treatment and 1-1(0-1) after 
captopril (NS). 


PLASMA RENIN ACTIVITY AND NORADRENALINE 
CONCENTRATION (FIG. 2) 

The resting plasma renin activity was 13-4(16-0) ng/ 
ml/hr (10-3(12:3) mmol/l/hr). During exercise, before 
captopril, the plasma renin activity increased to 
20-0(27-8) ng/ml/hr (15-4(21-4) mmol/I/hr) (p« 0-01). 
After captopril, the resting plasma renin activity 
increased further to 32-8(39-9) ng/ml/hr (25-2(30:7) 
mmol/l/hr) (p«0-01) and during exercise the value 
was 44-5(46-1) ng/ml/hr (34 2(35.5) mmol/l/hr) 
(p«0-01 vs control). 

The pretreatment resting plasma noradrenaline 
concentration was 659(433) pg/ml (39(26) nmol/l). 
During supine bicycle exercise, before captopril, val- 
ues increased to 2622(1486) pg/ml (155(88) nmol/l) 
(p<0-001). After captopril, neither the resting nor 
exercise noradrenaline concentration changed 
significantly. 


Discussion 


The improvement in resting cardiac function seen 
after the administration of captopril in this study is 
similar to that previously reported.* 5 Cardiac output 
and stroke volume increased as a consequence of the 
systemic vasodilatory effects of angiotensin convert- 
ing enzyme inhibition. The fall in pulmonary capil- 
lary wedge pressure may be secondary to venodilata- 
tion or improved ventricular compliance. Mild and 
transient increases in limb venous volume have been 
found with captopril in patients with congestive heart 
failure and may account, in part, for the reduction in 
left ventricular filling pressure. 

Indices of cardiac function improved during exer- 
cise after captopril administration. Cardiac output 
was greater and systemic vascular resistance lower 
than pretreatment values. Since captopril did not alter 
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the heart rate the increase in cardiac output during 
exercise is attributed solely to an increase in stroke 
volume. Captopril has no known positive inotropic 
properties and therefore the increase in stroke volume 
must be a consequence of systemic vasodilatation. 

In this study resting plasma renin activity and 
plasma noradrenaline concentration were higher than 
values usually obtained in normal subjects in our 
laboratory.?! Both plasma renin activity and plasma 
noradrenaline concentration increased during exercise 
before captopril. The increase in plasma nora- 
drenaline concentration during exercise in patients 
with heart failure has been reported by others.!9 17 To 
our knowledge, an increase in plasma renin activity 
during exercise has not been previously reported in 
patients with heart failure. It is, however, known to 
occur in normal subjects.!4!5 Plasma renin activity 
increased after captopril at rest and during exercise. 
This increase reflects a loss of negative feedback 
inhibition consistent with a decrease in angiotensin II 
concentrations. The vasoactive effects of captopril, 
however, may also be mediated via the kallikrein- 
kinin and prostaglandin systems; therefore, modulat- 
ing effects of these hormonal systems cannot be 
excluded.??23 After captopril, plasma noradrenaline 
concentration did not fall either at rest or during exer- 
cise. Thus a decrease in sympathetic nervous system 
activity cannot explain the observed vasodilatation. 

During exercise, when autoregulatory phenomenon 
as well as activation of the renin-angiotensin system 
and sympathetic nervous system occur, it is not 
known whether the increased blood flow associated 
with captopril administration is distributed to exercis- 
ing muscle or non-exercising tissue. Exogenous 
administration of angiotensin II produces varying 
degrees of vasoconstriction depending on the specific 
regional circulation.?^?5 Pharmacological doses of 
angiotensin II result in pronounced vasoconstriction 
in the limbs of normal subjects.?5 27 In experimental 
studies using sodium depleted dogs, converting 
enzyme inhibition significantly improves adrenal, 
cerebral, coronary, and renal blood flow but causes 
only a modest increase in skin blood flow and no 
improvement in muscle blood flow.?8 In patients with 
heart failure studied at rest, captopril does not have a 
uniform effect on each regional circulation.$29 39 The 
increase in renal blood flow is disproportionate to the 
negligible changes that occur in limb, splanchnic, and 
coronary blood flow. 

Since the renin-angiotensin system is stimulated 
during effort in patients with heart failure, it is pos- 
sible that the higher concentrations of angiotensin II 
will have a greater influence on limb vascular resis- 
tance during exercise than at rest. Kugler and col- 
leagues, however, have suggested that blood flow to 
exercising muscle was not increased by angiotensin 
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blockade since femoral vein oxygen content measured 
during bicycle exercise did not change after capto- 
pril.!! In that study, however, limb blood flow was 
not actually measured. 

If blood flow to exercising muscle is influenced by 
the renin-angiotensin system exercise capacity after 
the administration of captopril might be expected to 
improve. Other investigators have assessed the exer- 
cise response to captopril and have not found an 
improvement in exercise capacity after short term 
administration.!? An acute increase in exercise capac- 
ity and maximal oxygen consumption has been 
reported in patients with heart failure after enalapril 
treatment.?! Studies of limb blood flow during exer- 
cise are required during angiotensin II inhibition for 
further elucidation. 
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Relation between mitral valve closure and early systolic 
function of the left ventricle 


A SMALCELJ,* D G GIBSON 
From the Cardiac Department, Brompton Hospital, Fulham Road, London 


SUMMARY In order to investigate relations between mitral valve closure and mechanical events at the 
onset of left ventricular systole, simultaneous M mode echocardiograms and phonocardiograms were 
recorded with the apexcardiogram and its first differential (dA/dt) in 25 normal subjects and 88 
patients with heart disease. The timing of mitral and aortic valve closure and the onset and peak rate 
of rise of the apexcardiogram with respect to the Q wave of the electrocardiogram were measured. 
There was considerable variation in the intervals from О to mitral valve closure (Q-MVC) and from 
Q to peak dA/dt and in the isovolumic contraction time between normal subjects. There was no 
consistent abnormality of these intervals in patients with coronary artery or valvar disease, and no 
relation between the interval from Q to mitral valve closure and end diastolic pressure. When the 
timing of the first heart sound and peak dA/dt were considered together, however, clear abnor- 
malities became apparent. In normal subjects, the intervals Q-MVC and Q to peak dA/dt were 
significantly correlated. In coronary artery disease, the expected relation between Q-MVC and Q 
to peak dA/dt was found only when end diastolic pressure was normal and was lost when end 
diastolic pressure was raised. Mitral stenosis was associated with delayed mitral closure in a few 
cases only, but in chronic aortic regurgitation closure was consistently early with respect to the 
apexcardiogram. In patients with atrial fibrillation and a normal mitral valve the timing of mitral 
' valve closure with respect to the apexcardiogram was normal, which is inconsistent with an atrial 
contribution to the timing of mitral valve closure. Thus when considered in isolation the timing of 
mitral valve closure and the duration of isovolumic contraction time gave little information about 
cardiac function. Nevertheless, a predictable relation exists between mitral valve closure and the 
onset of left ventricular mechanical systole in normal subjects, which can be used to identify 
characteristic alterations in patients with heart disease. 


Mitral valve closure is an important landmark in the 


relations between the timing of mitral valve closure as 
cardiac cycle. It signals the onset of the period of 


shown by M mode echocardiography, the onset of the 


isovolumic contraction and is a major determinant of 
the timing and intensity of the first heart sound. The 
exact mechanism by which it occurs has long been an 
object of study, yet there is still no agreement on the 
relative importance of atrial and ventricular contrac- 
tion in leading to closure! or on the ways in which 


these factors may be modified in disease. The purpose. 


of the present study was to investigate the inter- 
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mechanical events of left ventricular systole as 
reflected in the apexcardiogram, and the duration of 
isovolumic contraction in normal subjects and 
patients with heart disease. 


Patients and methods 


STUDY GROUPS 

Twenty five normal subjects and 88 patients with 
heart disease were studied. The normal subjects were 
aged between 23 and 58 (median 39) years with no 
history or clinical evidence of heart disease and no 
significant abnormality on echocardiography. Of the 
88 patients, 44 (aged 21—76 years) were found at car- 
diac catheterisation to have coronary artery disease. 
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Valve disease was present in 38 patients, including 10 
with mitral stenosis (eight in atrial fibrillation), two 
with mixed mitral valve disease (both in atrial fibrilla- 
tion), seven with mitral Starr-Edwards prosthesis (all 
in atrial fibrillation), eight with aortic stenosis, and 13 
with chronic aortic regurgitation or mixed aortic valve 
disease, all in sinus rhythm. In order to study the 
effects of atrial systole, six further patients with atrial 
fibrillation but with no other demonstrable cardiac 
abnormality were also studied. 


ECHOCARDIOGRAPH Y 

M mode echocardiograms were recorded to display 
first the mitral valve (Fig. 1) and then the aortic valve 
cusps, together with a simultaneous electro- 
cardiogram, apexcardiogram and its first derivative, 
and phonocardiogram on each. A Cambridge Instru- 
ments recorder was used, operating at a paper speed 
of 100 mm/s. The apexcardiogram transducer had a 
time constant of 4 s, and the differentiating circuit 
was fitted with a low pass filter with a 3 dB cut off of 
300 Hz to reduce noise. All patients were examined in 
the left semilateral position during quiet respiration. 
In those patients in whom cardiac catheterisation was 
performed, left ventricular end diastolic pressure 
(pre-a) was noted. Invasive and non-invasive investi- 
gations were performed within 24 hours of one 





Fig. 1 
apexcardiogram (АСС), indicating the measurements made. О, 
onset of the Q wave of the electrocardiogram; MVC, mitral valve 
closure; peak dA idt, peak of the first derivative of the 
apexcardiogram; AC, anterior (and PC posterior) cusps of the 
mitral valve. 
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another, and in no patient was there any perceptible 
change in clinical state during this interval. 


MEASUREMENTS 

The onset of the Q wave of standard lead II was taken 
as the reference point for all measurements. If a Q 
wave was not present the onset of the R wave was 
taken as representing the earliest deflection of the 
QRS complex. Mitral valve closure was taken as the 
time of complete coaptation of the leaflets, using the 
minimum gain of the echocardiograph with which this 
could be demonstrated. Records showing multiple 
echoes, or approximation of cusp echoes rather than 
complete closure, were rejected as unsuitable for 
measurement. Aortic valve opening was taken as the 
onset rather than the completion of the opening 
movement. It was possible to obtain satisfactory 
measurements of the time of mitral valve closure in 
patients with mitral valve disease, but aortic valve 
opening could not usually be assessed in those with 
aortic valve disease, particularly when the valve was 
calcified. For the apexcardiogram, the onset of the 
upstroke (C point) was taken as that of the rapid rise 
after the “a” wave, although in some cases, particu- 
larly when the “а” wave was increased in amplitude, 
it was difficult to define. The timing of peak rate of 
rise was usually clear, but in a small number of cases, 
particularly when mitral closure was delayed with 
respect to the Q wave of the electrocardiogram, its 
pattern was bifid or plateau shaped; in these circum- 
stances, the timing of the first peak was used for 
measurement. 

The following time intervals were measured: (a) Q 
to C point of apexcardiogram (Q-C); (6) О to peak rate 
of rise of apexcardiogram (Q to peak dA/dt); (с) Q to 
mitral valve closure (Q-MVC); and (d) the interval 
from mitral closure to aortic opening, which was 
referred to as isovolumic contraction time, although 
in some cases small volume changes might have 
occurred owing to some degree of mitral regurgita- 
tion. In patients with sinus rhythm mean values for 
these intervals were obtained from 7-10 cycles, and in 
patients with atrial fibrillation individual results from 
20-80 complexes were used. All time intervals were 
expressed to the nearest 5 ms. 

The possibility that a significant delay occurred 
between echocardiographic, phonocardiographic, and 
apexcardiographic measurements had previously been 
checked in vitro. In order to test the system in vivo, 
however, simultaneous measurements were made in 
seven patients with mitral Starr-Edwards prostheses. 
It was assumed that the closing click of the prosthesis 
was due to the ball impinging on the cage at the start 
of ventricular systole. In all cases, there was no more 
than a 5 ms difference between the cessation of the 
posterior motion of the ball, demonstrated by 
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echocardiography, the onset of the first high 
frequency vibration of the click, and the onset of a 
characteristic deflection on the first differential of the 
apexcardiogram corresponding to the click. 


STATISTICAL METHODS 

Results were analysed using Student's г test, Fisher's 
exact probability test, or non-parametric tests when 
variables were not normally distributed. The 9596 
confidence limits about mean values were taken as two 
standard deviations. Correlation coefficients were 
calculated by the method of least squares. 


Results 


NORMAL SUBJECTS 

The mean (SD) interval from the onset of the QRS 
complex to mitral valve closure was 60 (10 ms). The 
onset of the upstroke of the apexcardiogram occurred 
25 (10) ms and the peak rate of rise 85 (10) ms after 
the Q wave of the electrocardiogram. There was thus 
appreciable scatter between these variables in differ- 
ent normal individuals. There was, however, a 
significant correlation between the intervals Q to 
mitral valve closure and Q to peak rate of rise (Fig. 2). 
The regression equation was: (Q to peak 
dA/dt)=0-66(Q-MVC)+45 ms. The correlation 
coefficient was 0-79 and the standard error of the 
estimate 5 ms. The standard error of the slope was 


со 
e 


e 
о 


Q to mitral valve closure (ms) 
P 
o 


D 
о 





40 60 80 100 120 
Q to peak dA/dt (ms) 
Fig.2 Relation between the intervals Q to mitral valve closure 
and Q to peak dA idt in normal subjects. The regression line and 
bounds set at two standard deviations (9596 confidence limits) are 
shown. 
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0-11 and of the intercept 6 ms. The correlation be- 
tween Q-MVC and Q-C was very much less close, the 
correlation coefficient being 0-39. In retrospect, this 
seemed to be due to difficulty in identifying the onset 
of the upstroke even in the presence of a normal “а” 
wave. The interval Q to aortic valve opening, equival- 
ent to pre-ejection period, had a mean value of 90 (10) 
ms. Isovolumic contraction time showed considerable 
scatter: the mean value was 30 (10) ms with values 
ranging from 15 to 55 ms. 


PATIENTS WITH HEART DISEASE 

Timing of mural closure—The time interval Q-MVC 
was within normal limits in the majority of patients 
studied. For those with coronary artery disease the 
mean value was 65 (15) ms, and there was no relation 
to end diastolic pressure (correlation coefficient 
—0-04). In patients with mitral stenosis, the mean 
value was a little higher than normal (75 (20) ms), but 
this prolongation was not significant, and only one 
patient had a value above the 9596 confidence limit of 
normal. In patients with aortic valve disease, the 
mean was 45 (20) ms, which again was not 
significantly different from normal. In patients with 
atrial fibrillation Q-MVC varied little from beat to 
beat when the RR interval was greater than 400 ms, 
For values lower than this, Q-MVC increased by 
20-30 ms as the RR interval decreased to 300 ms. 


Peak rate of rise of apexcardiogram—In patients with 
coronary artery disease, the Q to peak dA/dt interval 
had a mean value of 95 (25) ms. Nevertheless, the 
scatter was wide, and there was no significant correla- 
tion with end diastolic pressure, the value being 
100 (25) ms in those in whom the end diastolic pres- 
sure was raised and 90 (20) in those in whom it was 
normal. When individual patients were considered, 
15 out of 17 with normal end diastolic pressure had 
values within the normal range; this was the case in 
only 15 of those in whom end diastolic pressure was 
raised, the interval Q to peak dA/dt being abnormally 
prolonged in the remainder (p<0-025 with respect to 
patients with normal end diastolic pressure). Mean 
values of Q to peak dA/dt for patients with mitral and 
aortic valve disease were 90 (20) and 90 (15) ms, 
within the 95% confidence limits of normal. In 
patients with atrial fibrillation, the morphology of the 
first derivative of the apexcardiogram was sometimes 
abnormal, showing a bifid appearance, with the first 
peak preceding and the second following mitral valve 
closure. When the RR interval was very short the 
height of the first peak was regularly greater than that 
of the second. When a series of beats was studied over 
a range of RR intervals, it was apparent that the sec- 
ond peak seen after a short RR interval corresponded 
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to the single one when the preceding interval was 
longer. 


Isovolumic contraction time—This did not prove to 
be a discriminating measurement. For patients with 
coronary artery disease the mean value was 40 (20) 
ms, for those with mitral valve disease 40 (15) ms, and 
in the minority of those with aortic valve disease in 
whom aortic valve opening could be adequately dis- 
played 40 (30) ms. None of these values was 
significantly different from normal. There was no 
significant relation with end diastolic pressure (corre- 
lation coefficient —0-1). f 
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peak rate of rise of the apexcardiogram—In patients 
with coronary artery disease and a normal left ven- 
tricular end diastolic pressure, there was a close corre- 
lation between the intervals Q-MVC and Q to peak 
dA/dt, given by the relation: Q to peak dA/ 
dt=0-77(Q-MVC)+40 ms. The correlation coefficient 
was 0-76 and standard error of the estimate 9 ms (Fig. 
3). The standard error of the slope was 0-17 and of the 
intercept 10 ms. Neither of these latter values was 
significantly different from those of the corresponding 
relation in normals. In patients in whom end diastolic 
pressure was raised, this relation was virtuálly lost, 
with values occurring earlier or later than normal. 
These deviations were most likely to occur when the 
‘interval О to peak dA/dt was prolonged. In these 
patients, the overall correlation coefficient was 0:33. 
In patients with mitral stenosis, mitral valve closure 


was, delayed with respect to peak dA/dt in four - 


. patients and was within the 95% confidence limits of 


.normal for the remainder. By contrast, in aortic re- 


gurgitation, mitral closure was early in all but one 
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case, occurring before the О wave of the 
electrocardiogram in two (Fig. 4). In patients with 
atrial fibrillation, the relation between Q-MVC and Q 
to peak dA/dt could be studied over a wide range of 
RR intervals. In individual patients (Fig. 5) correla- 
tion coefficients ranged from 0-55 to 0-96 (median 
0-79) for those in whom the mitral valve was normal 
and from 0-34 to 0-97 (median 0-87) in those with 
mitral stenosis. In 10 of the 14 patients in whom a 
significant correlation was present, the slope and 
intercept of the regression line were within the 9596 
confidence limits of normal. In the remainder, all of 
whom had mitral stenosis, the slope was significantly 
steeper, and the intercept lower than normal. In the 
absérice of an “а” wave, the C point of the apexcar- 
diogram was more clearly defined so that the interval 
Q-C could be measured. This was found to vary with 
Q-MVC, with correlation coefficients between 0-22 
and 0-98 (median 0-87) in patients with mitral valve 
disease and 0-28 and 0-80 (median 0-57) in those with- 
out. 


Discussion 
Using simple non-invasive methods it is possible to 


study the relation between mechanical events at the 
onset of ventricular systole and mitral valve closure. : 
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Fig.4 Relation between the intervals Q to mitral closure and Q 
to peak dA dt for patients with mitral stenosis (@) and chronic 
aortic regurgitation or mixed aortic valve disease ( О). Regression 
line and 9596 confidence limits are derived from normal subjects. 
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Fig. 5 Beat to beat variation in the relation between the time 
intervals Q to mitral valve closure and О to peak dA/dt in a 
single patient with atrial fibrillation and a normal mitral valve. 
The regression line and 9596 confidence limits are derived from 
normal subjects. 


The timing of the upstroke of the apexcardiogram has 
been shown to be closely related to that of the 
intraventricular pressure pulse, subject to a delay of 
approximately 10 ms.?? The onset of the apex- 
cardiogram itself proved to be difficult to identify par- 
ticularly when there was a significant “а” wave, but 
we found that the timing of the peak rate of rise of the 
apexcardiogram was a reproducible landmark. In the 
occasional patient, particularly in atrial fibrillation 
when the previous RR interval was short, there was 
more than one peak present. These ambiguities could, 
however, be clarified with reference to complexes pre- 
ceded by a slightly longer RR interval. The timing of 
mitral valve closure was determined by M mode 
echocardiography. We found it essential to demon- 
strate clear cusp apposition, a pattern which M mode 
records directed from the cross sectional display 
showed to be obtainable from only a small region of 
the valve at the site of coaptation. 

Previous observations have suggested that mitral 
valve closure is delayed when left atrial pressure is 
raised. This is the basis of prolongation of the interval 
from the Q wave of the electrocardiogram to the first 
heart sound reported many years ago in mitral 
stenosis." $ Nevertheless, more recent studies, par- 
ticularly when simultaneous pressures and phonocar- 
diograms are recorded, have shown this association to 
be weak and of little predictive. value in individual 
patients. Our own results are in line with these more 
recent results, showing delay in mitral valve closure in 
only one of 10 patients with mitral stenosis. The 
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interval from Q to mitral closure has also been meas- 
ured by M mode echocardiography in patients in 
whom the mitral valve is normal,” 8 incorporated into 
an index which also includes the period from aortic 
valve closure to maximum mitral valve opening (E 
point), and used to estimate left atrial pressure. 
Nevertheless, when we considered the interval from 
Q to mitral closure in isolation we found no correla- 
tion with left ventricular end diastolic pressure. The 
same applied for isovolumic contraction time whose 
variability in normal subjects was considerable, so 
that although our estimates agreed closely with those 
of Hirschfeld et 21,9 we found that no consistent alter- 
ation could be demonstrated in disease. Rather sur- 
prisingly, the interval from Q wave to peak rate of rise 
of the apexcardiogram did appear to have some sen- 
sitivity in detecting patients with a raised end diastolic 
pressure, being within normal limits in all but two 
cases in whom end diastolic pressure was normal but 
prolonged in 12 of 27 in whom end diastolic pressure 
was raised. This increase was associated with prolong- 
ation of the pre-ejection period and thus was more 
likely to have been due to the effects of inco-ordinate 
contraction!? rather than any direct effect of left atrial 
pressure, stressing that systolic and diastolic left ven- 
tricular involvement frequently occur together in 
patients with coronary artery disease. 

The apparent variability in the timing of mitral 
valve closure was considerably reduced when it was 
considered in relation to that of the peak rate of rise of 
the apexcardiogram. In common with Drui et al,!! we 
found a significant correlation between the timing of- 
these two events in normal subjects. An indistingu- 
ishable relation was present in patients with atrial 
fibrillation and a normal mitral valve and in patients 
with coronary artery disease in whom end diastolic 
pressure was normal. In rheumatic mitral stenosis, 
mitral valve closure was delayed with respect to the 
apexcardiogram in three out of 10 patients. When 
atrial fibrillation was present delayed mitral closure 
was more obvious when the preceding RR interval 
was long, leading to a significant increase in the slope 
of the relation between Q-MVC and Q to dA/dt. By 
contrast, mitral valve closure was early in the majority 
of patients with pure aortic regurgitation, or mixed 
aortic valve disease, measured with respect to the tim- 
ing of the peak rate of rise of the apexcardiogram. 
Although premature mitral valve closure is well rec- 
ognised as occurring in patients with aortic regurgita- 
tion, its appearance is usually held to be uncommon 
and when present to suggest that the lesion is acute in 
onset, severe, and requiring urgent operation.!? !? 
Our results indicate that a lesser degree of prematur- 
ity in mitral valve closure is common in patients with 
chronic and well compensated disease. Its mechanism 
in these latter patients did not seem to be the same as 
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that in acute regurgitation since in all but two cases 
mitral valve closure occürred after the Q wave of the 
electrocardiogram and in all but three after the onset 
of systolic contraction of the left ventricle. In chronic 
aortic regurgitation, therefore, the time relation be- 
tween mitral closure and the onset of ventricular sys- 
tole is altered, possibly as a result of the regurgitant 
jet from the aortic root. In patients with ischaemic 
heart disease and an increase in end diastolic pressure 
the normal close relation between mitral valve 
closure and peak dA/dt was lost owing to wide scatter 
rather than to any consistent alteration in timing. 
These results have several consequences in inter- 
preting early systolic events. Even in normal subjects 
there is considerable variability in the interval from 
the Q wave of the electrocardiogram to mitral valve 
closure. This appears to result directly from a corres- 
ponding variation in the onset of mechanical left ven- 
tricular systole as reflected in the upstroke of the 
apexcardiogram. The timing of peak dA/dt appears to 
be a useful landmark since its use allows that of mitral 
valve closure to be predicted within narrow limits. 
This relation persists in patients with atrial fibrillation 
in whom there is no mitral valve disease over a wide 
range of values, strongly suggesting that the timing of 
mitral valve closure depends on that of the onset of 
ventricular systole and not on left atrial contraction. 
The relation was also unaltered in patients with coro- 
nary artery disease, provided that end diastolic pres- 
sure was within normal limits, although mitral valve 
closure was frequently early with respect to the apex- 
cardiogram when end diastolic pressure was raised. 
This occurred in spite of the interval from Q to mitral 
valve closure itself being within normal limits, indi- 
cating the increased sensitivity with which abnor- 
malities could be detected if cusp motion is not consi- 
dered in isolation but correlated with mechanical 
events. Although it might be predicted that an 
increase in left ventricular end diastolic and left atrial 
pressures might cause isovolumic contraction time to 
be shortened, by analogy with the clear cut effect of 
these abnormalities on isovolumic relaxation,!^ we 
found no evidence of this. The failure of the interval 
Q-MVC on its own to predict left ventricular end dias- 
tolic pressure suggests that the sensitivity of the more 
complex index must be due to changes in its other 
component, the time between A, and the E point of 
the mitral echogram. This latter interval includes 
isovolumic relaxation time, previously shown to be a 
sensitive index of end diastolic pressure in patients 
with coronary artery disease.!4 The relation with 
mitral valve closure may also be of value in interpret- 
ing the apexcardiogram. The interval from Q to peak 
dA/dt has been used to assess left ventricular systolic 
function since it has been found to correlate with the 
corresponding interval derived from the high fidelity 
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pressure trace.!5^!? The morphology of the first 
derivative of the apexcardiogram may be atypical, 
however—showing two or more peaks of nearly equal 
height—making such measurements ambiguous. Our 
results suggest that this problem might be resolved by 
taking the peak following rather than preceding mitral 
valve closure. Finally, there has been much con- 
troversy in published reports on whether mitral valve 
closure!? or the initial development of tension in ven- 
tricular myocardium!? is responsible for the genesis of 
the first heart sound. This might be yet another field 
in which the close relation between early systolic 
events shown in the present study might be relevant, 
stressing the potential value of considering the 
interaction between valve motion and tension 
development rather than attempting to study each in 
isolation. 


AS was supported by a grant from the British Coun- 
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Mustard's operation for patients with ventriculoarterial 


concordance 


Report of two cases and a cautionary tale 


P ARCIPRETE, F J MACARTNEY, M DE LEVAL, J STARK 
From the Thoracic Unit, The Hospital for Sick Children, London 


SUMMARY Three patients with ventriculoarterial concordance and an abnormal atrioventricular con- 
nexion were investigated. One patient had total anomalous pulmonary venous connexion to a left 
vertical vein. In 1972 this was repaired and a ventricular septal defect was closed, but the presence of 
atrioventricular discordance was missed and the patient died. In the other two patients, Mustard’s 
operation resulted in survival. One patient had situs solitus and atrioventricular discordance with an 
associated ventricular septal defect, which was closed. The other had left isomerism (quasi solitus) 
with an ambiguous atrioventricular connexion (quasi discordant). A previously noted ventricular 


septal defect had spontaneously closed. 


Intra-atrial baffle procedures (venous switches) such 
as Mustard or Senning operations are normally used 
to compensate congenitally determined single 
switches in the circulation. By far the commonest of 
these is complete transposition, in which the patient 
has a single switch (ventriculoarterial discordance 
with atrioventricular concordance). A much rarer 
indication for venous switching occurs when the 
single switch is at atrioventricular level and there is no 
switch at ventriculoarterial level—that is, there is ven- 
triculoarterial concordance. In fact, only eight such 
operations have been hitherto described.! $ The pur- 
pose of this report is to document two further exam- 
ples and to illustrate the danger of an incorrect 
preoperative diagnosis in a third. 


Patients and methods 


CASE 1 

A 3% year old girl was referred from Germany with a 
diagnosis of total anomalous pulmonary venous con- 
nexion. The angiocardiograms on which this diag- 
nosis was based were not of high quality, but on 
reviewing them it was clear that there was situs solitus 
with atrioventricular discordance and ventriculoarter- 
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ial concordance, a ventricular septal defect, and total 
anomalous pulmonary venous connexion to a left ver- 
tical vein. The ventricles were normally related for 
atrioventricular discordance, but the great arteries 
were side by side with the aorta to the right. 

On physical examination, she had moderate 
cyanosis and finger clubbing. There was clinical 
hypertrophy of both ventricles and a systolic thrill at 
the lower left sternal border. On auscultation, the first 
heart sound was normal, the second heart sound was 
split, and there was a pansystolic murmur at the lower 
left sternal border. There was no diastolic murmur 
and no sign of heart failure. Her chest x ray film 
showed a large heart with increased pulmonary vascu- 
lar markings and a wide mediastinum, and her elec- 
trocardiogram showed sinus rhythm and right atrial 
hypertrophy with a PR interval of 0:16 s, a QRS 
interval of 0-10 s, and a somewhat atypical right bun- 
dle branch block pattern. 


Diagnosis 

She underwent repeat cardiac catheterisation in June 
1972. The vertical common pulmonary vein was 
entered and contained blood with an oxygen satura- 
tion of 9296. There was a 10 mm Hg mean pressure 
gradient between the vertical vein and the superior 
vena cava. Both ventricular systolic pressures were 
equal at 90 mmi Hg and the pulmonary artery pressure 
was 75/40 mm Hg. The pulmonary and systemic 
artery oxygen saturations were equal (8096). Repeat 
cineangiograms were performed with injection into 
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the common pulmonary vein, pulmonary trunk, and 
left sided ventricle, but a fault in processing destroyed 
the frontal plane film. She was therefore referred for 
surgery with a diagnosis of situs solitus with normal 
cardiac connexions, total anomalous pulmonary ven- 
ous connexion to a vertical vein, and a ventricular 
septal defect. 


~ 


Operation 

At operation a ventricular septal defect 2 cm in diame- 
ter was closed through the right atrioventricular 
valve. An anastomosis was constructed between the 
pulmonary venous confluence and the left atrium, and 
a patent foramen ovale was closed. The common pul- 
monary vein was ligated. She could not be weaned 
from cardiopulmonary bypass despite an attempt to 
reopen the ventricular septal defect, and she died on 
the operating table. 


Necropsy findings 

At necropsy, the reason for the operative death 
became clear. The bronchi and atria were in situs 
solitus. Pulmonary venous return had been success- 
fully directed to the left atrium and a patent foramen 
ovale closed, but these two procedures had been disas- 
trous in the presence of atrioventricular discordance 
with ventriculoarterial concordance. The right sided 
mitral valve had two sets of papillary muscles and no 
insertion into the septum. 

There was a large perimembranous ventricular sep- 
tal defect excavating both inlet and outlet septa, such 
that posteriorly it was roofed by the two atrioventricu- 
lar valves in continuity, and anteriorly it was roofed 
by the outlet septum. Into the underside of this was 
inserted the anteroseptal commissure of the tricuspid 
valve (the remainder of which was normal). There was 
mild malalignment of the trabecular and outlet septa 
such that the aortic valve overrode the septum 
slightly, originating 85% above the left ventricle. 

There was a bilateral infundibulum, with 7 mm of 
muscle separating the mitral and aortic valves and 5 
mm of muscle separating the tricuspid and pulmonary 
valves. The great arteries lay side by side with the 
aorta to the right—that is; with a slight clockwise 
spiral as they ascended. The right ventricle was a little 
small, being only two thirds the length of the left 
ventricle, and lay to its left, the septal orientation 
being as is usually found in congenitally corrected 
transposition. The coronary artery pattern was 
inverted. : 


CASE2 

А 4 month old baby boy, weighing 5-2 kg, was admit- 
ted to our unit in congestive heart failure. Poor feed- 
ing and moderate cyanosis at rest had been noted 
since birth. On examination the child was dyspnoeic 
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and severely cyanosed on crying. His pulse rate was 
145 beats/minute and his blood pressure 100/60 mm 
Hg. On auscultation no cardiac murmurs were- 
detected. His chest was clear. There was no 
hepatomegaly, and all peripheral pulses were palp- 
able. Laboratory investigations showed a haemoglo- 
bin concentration of 17-7 g/dl and a packed cell vol- 
ume of 51%. His chest radiography showed pulmo- 
nary plethora with mild cardiomegaly, and his elec- 
trocardiogram recorded sinus rhythm, right axis 
deviation, and a deep Q wave in leads II, III, aVF and 
VAR. There was a dominant R wave in V4R with an 
upright T wave. 


Diagnosis 

Cardiac  catheterisation and  angiocardiography 
showed situs solitus, atrioventricular discordance, 
ventriculoarterial concordance, ventricular septal 
defect, and patent foramen ovale. The great arteries 
were normally related, spiralling clockwise as they 
ascended. There was a very short muscular subaortic 
infundibulum and a longer subpulmonary infun- 
dibulum. The intracardiac pressures were: mean right 
atrium 3 mm Hg, mean left atrium 14 mm Hg, right 
ventricle 70/0 mm Hg, left ventricle 70/0 mm Hg, 
pulmonary artery 70/30 (mean 42) mm Hg, and sys- 
temic artery 70/50 (mean 60) mm Hg. The aortic 
oxygen saturation was 5496 and improved to 6696 after 
balloon septostomy. The pulmonary artery oxygen 
saturation before septostomy was 9296. In view of the 
severe degree of arterial desaturation and failure to 
thrive, it was decided to proceed to surgical correc- 
tion. 


Operation 

After the pericardium had been opened the anatomy 
of the heart was assessed. The heart was enlarged. 
The pulmonary artery was anterior and to the left of 
the aorta, which was posterior and to the right. Both 
venae cavae were normally connected with the right 
atrium, which was on the right. The right atrium was 
connected to the morphologically left ventricle. The 
pulmonary veins emptied into the left atrium, which 
drained to the somewhat superior and leftward mor- 
phologically right ventricle. There was only one large 
coronary artery arising from the aorta anteriorly, giv- 
ing off the left and the right coronary arteries which 
were distributed on the anterior aspect of the heart. 
After cannulation of the aorta and both venae cavae, 
cardiopulmonary bypass was established. The patient 
was cooled to 20°С nasopharyngeal temperature, the 
aorta was cross clamped, and cardioplegic solution 
was infused. The right atrium was opened and it was 
possible to confirm the angiographic diagnosis. The 
ventricular septal defect was located in the inlet sep- 
tum and was closed through a short right ven- 


Mustard’s operation for patients with ventriculoarterial concordance 





Fig. 1 Case 3: left ventricular angiocardiograms (frontal 
plane). (a) Shows the catheter passing round an azygos 
continuation (Az) into the right sided atrium and thence to the left 
ventricle (LV), from which the aorta (Ao) opacifies via a 
subaortic infundibulum (In). An aneurysm ( An) of the 
membranous septum is seen, through which two tiny ventricular 
septal defects (small black arrows) opacify the right ventricle. 
Note the two long morphologically left bronchi (white arrows). 
(b) Shows the catheter, having crossed a patent foramen ovale, 
entering the right ventricle (RV), from which the pulmonary 
trunk (PA) opacifies. 


triculotomy using a Dacron patch. Anteriorly the 
stitches were inserted on the morphological right side 
of the ventricular septum, according to the technique 
previously described to reduce the risk of injuring the 
His bundle." Mustard's operation was then performed 
using a pericardial patch. The new pulmonary venous 
atrium was enlarged with a woven Dacron patch. 
When perfusion was terminated the patient was in 
sinus rhythm. Postoperative systolic pressures were: 
aorta 100 mm Hg and pulmonary artery 30 mm Hg. 
The postoperative course was uneventful, and the 
patient was discharged two weeks later in an excellent 
condition. 


Follow up 

After almost six years the patient was still asymptoma- 
tic and in sinus rhythm. Recatheterisation in January 
1984 showed normal intracardiac pressures with no 
residual shunts and no evidence of caval pathway obs- 
truction. А cross sectional echocardiogram showed 
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typical atrioventricular discordance, with reversed 
offsetting of the atrioventricular valves. Precordial 
short axis views showed the typical "circle and saus- 
age" appearance of normally related great arteries, the 
aorta being the circle and the right ventricular outflow 
tract and pulmonary trunk being the sausage. 


CASE 3 

A male child had had cyanosis and dyspnoea since the 
age of 2 weeks. Cyanosis and clubbing increased pro- 
gressively, while exercise tolerance gradually 
decreased. At the age of 12 years he was investigated 
abroad. The diagnosis of transposition of the great 
arteries with a small ventricular septal defect and 
interruption of the inferior vena cava with right 
azygos continuation was made. Pressures at the ime 
of cardiac catheterisation were equal in the two atria 
(mean 7 mm Hg). The pressure in the subpulmonary 
ventricle was 24/0-S mm Hg and in the pulmonary 
artery 22/7 mm Hg. The systolic pressure in the sub- 
aortic ventricle and aorta was 110 mm Hg. The pul- 
monary artery oxygen saturation was 86%, whereas 
that in the frontal artery was 72%. 

The patient was lost to follow up. At 16 years of age 
he was referred to us for further evaluation and treat- 
ment. On examination, he was physically under- 
developed, with severe cyanosis and clubbing and was 
dyspnoeic at rest. His blood pressure was 120/60 mm 
Hg. There was an ejection systolic murmur at the left 
sternal border and a split second heart sound. His 
chest was clear on auscultation. His liver was enlarged 
to 4 cm below the costal margin. The spleen was not 
palpable. All peripheral pulses were palpable and 
equal. Laboratory investigations showed a haemoglo- 
bin concentration of 22-8 g/dl and packed cell volume 
of 72%. Coagulation tests and serum electrolyte and 
blood urea concentrations were all within normal 
limits. His chest radiograph showed mild cardiomeg- 
aly with a cardiothoracic ratio of 0-54 and increased 
pulmonary vascular markings. His electrocardiogram 
recorded a superior P wave axis with right axis devia- 
поп and right bundle branch block. 


Diagnosis 

A review of the angiocardiograms (Fig. 1) established 
a diagnosis of left atrial isomerism (quasi solitus), 
ambiguous (quasi discordant) atrioventricular connex- 
ion, ventriculoarterial concordance, left hand pattern 
of ventricular morphology, small ventricular septal 
defect in the aneurysm of the ventricular septum, 
aberrant right subclavian artery, atrial septal defect at 
the fossa ovalis, and interruption of the inferior vena 
cava with azygos continuation to the right superior 
vena cava. The pulmonary valve lay anterior to the 
right of the aorta, and the great arteries spiralled 
counterclockwise as they ascended. 
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Fig.2 Case 3 (after repair): cross sectional ec hocardiograms. (a) The apical four chamber cut, angled forward to show left 
ventricular outflow tract, shows the right ventricle (RV) identified as such by the moderator band (MB). The pulmonary venous atrium 
(PVA) is now connected to the left ventricle (LV), which has a normal outflow tract roofed by the aortic valve (AV). (b) The 
parasternal long axis cut looks remarkably normal. Note the mitral valve (MV) and right ventricular outflow tract (RVOT). Other 
abbreviations as above. (c) The subcostal paracoronal cut shows the right ventricle (RV) above the left ventricle (LV). The mitral 
valve (MV) separates the LV from what used to be the right sided morphologically left atrium. (d) The apical four chamber cut shows 
pronounced reversed offsetting of the mitral (MV) and trie uspid (TV) valves. Other abbreviations as above. A, anterior; L, left: R, 
right; S superior. 


Operation anatomy of the heart was as expected from angiocar 
At operation a midline sternotomy was performed and diography. Both atria were of left morphology. The 
the pericardium resected for a patch. The outside heart was moderately enlarged. The pulmonary arters 
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Fig. 3 Case 3: cross sectional echocardiograms in the 
parasternal short axis cuts showing (a) the systemic venous atrium 
(SVA), formerly the left sided left atrium, draining via the 
tricuspid valve (TV) to the night ventricle (RV), which winds 
around the left ventricular outflow tract (LVOT); and (b) at a 
slightly higher level, the right ventricular outflow tract (RVOT) 
leading out to the pulmonary trunk and left pulmonary artery 
(LPA), which partly encircle the aorta (Ao). Note that these 
short axis views are orientated more or less as the mirror image of 
normal, indicating counterclockwise spiralling great arteries. A, 
anterior; L, left. 


ascended to the right of the aorta, having arisen from 
the left sided morphologically right ventricle. The 
aorta was posterior and to the left, arising from the 
inferior and right sided morphologically left ventricle. 
The superior vena cava and hepatic veins entered the 
right sided morphologically left atrium, which was 
connected to the morphologically left ventricle, while 
the left sided morphologically left atrium received the 
pulmonary veins and emptied into the morphologi- 
cally right ventricle. 

In view of the rather small volume of the right sided 
left atrium, it was decided to perform the Mustard 
rather than the currently favoured Senning operation. 
After cannulation of the aorta, superior vena cava, 
and common hepatic vein, cardiopulmonary bypass 





was started and the patient cooled to 20°С 
nasopharyngeal temperature. The aorta was cross 
clamped and cardioplegia solution was infused to the 
root of the aorta. The right sided atrium was opened 
and the anatomy visualised. The right sided atrium 
opened into the morphological left ventricle through a 
valve which had all the characteristics of a mitral 
valve. The remnant of the atrial septum was resected 
and then the left atrioventricular valve visualised. It 
was a tricuspid valve. A ventricular septal defect was 
not found after careful inspection of the ventricular 
septum. It was therefore assumed that it had closed in 
the four years between cardiac catheterisation and 
operation. Mustard's operation with the modifications 
as usually practised in our unit? was then performed 
When completed, the cross clamp was removed, air 
evacuated from the heart, the patient rewarmed, and 
perfusion discontinued. At the end of the operation, 
the patient was in sinus rhythm with the following 
pressures: right ventricular systolic 40 mm Hg, pul 
monary artery systolic 35 mm Hg, left ventricular sys 
tolic 80 mm Hg, aortic systolic 80 mm Hg, superior 
vena caval mean 12 mm Hg, and pulmonary venous 
atrial mean 10 mm Hg. 

His postoperative progress was entirely uneventful 
and he was discharged two weeks postoperatively to 
return home. Before discharge, a cross sectional 
echocardiogram showed typical features of ventricular 
inversion, except that there was ventriculoarterial 
concordance. Parasternal short axis cuts appeared as а 
mirror image of the normal appearance, because oí 
the counterclockwise spiralling of the great arteries 
(Figs. 2 and 3). 


Discussion 


These patients illustrate clearly the two ways in which 
the pulmonary and systemic circulations can be 
switched at atrioventricular level. The first two 
patients had atrioventricular discordance in that the 
right atrium was connected to the left ventricle and 
the left atrium to the right ventricle. The third, who 
had two atria, both of which were morphologically 
left, can only be described as having an ambiguous 
atrioventricular connexion. In planning surgical 
repair, however, it was helpful to note that the pul 

monary veins drained to the left sided atrium and the 
systemic veins to the right sided atrium and to treat 
the patient as if he had situs solitus with atrioventricu- 
lar discordance. Strictly speaking, therefore, the seg- 
mental anatomy would be described as left isomerism 
(quasi solitus) with an ambiguous atrioventricular 
connexion (quasi discordant) and ventriculoarterial 
concordance.” 

Both conditions described here are extremely rare 


448 Arciprete, Macartney, de Leval, Stark 


Table Details of patients in the present study and in previous reports with ventriculoarterial concordance and atrioventricular discordance or 
quast concordance 


————————————————————————À LL 








Case No — Reports Age Apex Situs AV connexion Great arteries 
Spiral Ao-PA à 
1 Lev,?3 van Praagh?! 4 wk L Solitus - Discordant Clockwise R 
2 Lev,» 12 yr L Solitus Discordant Parallel AR 
3 van Praagh?5 4 mnth L Solitus Discordant Clockwise PR 
4 Espino-Vela!3 I9 yr L Inversus Discordant Clockwise PR 
5 Clarkson! 2 yr R Inversus Discordant Clockwise PL 
6 Anderson?$ 3 mnth R Inversus Discordant ?Parallel AL 
7 Squarcia?? lyr R Inversus Discordant Clockwise PR 
8 Quero-Jimènez?8 7 mnth L Solitus Discordant Clockwise PR 
9 Quero-Jiménez?® ` 5 mnth L Solitus Discordant Clockwise PR 
10 Fox? ? R Inversus Discordant ? ? 
11 Fox? ? L Solitus Discordant ? 2 
12 Zakheim?? 4 wk L Solitus Discordant Parallel AR 
13 Hazan? 9 yr R Quasi inversus Quasi discordant Clockwise PL 
14 Attie?20 ? L Solitus Discordant ?Counterclockwise PL 
15 Attie2¢ ? L Solitus Discordant ?Counterclockwise PL 
16 Attie?9 ? L Solitus Discordant ?Clockwise PR 
17 Attie!8 4 mnth L Solitus Discordant Clockwise PR 
18 Leijala® 4 mnth R Inversust Discordantt Clockwise PR 
19 Calabró!? 2 mnth R Solitus Discordant Clockwise PR 
20 Ostermeyer4 10 yr R Solitust Discordantt ? PL 
21 Ostermeyer* 10 moth L Solitus Discordant Clockwise PR 
22 Snider’ 3 wk L Solitus Discordant Clockwise PR 
23 Present report 3% yr L Solitus Discordant Clockwise R E 
24 Present report 4 mnth L Solitus Discordant Clockwise PR : 
25 Present report 16 yr L Quasi solitus Quasi discordant Counterclockwise PL 


AL, anterior and leftward; AR, anterior and rightward; ASD; atrial septal defect; AV; atrioventricular; 
accessory; CAVO, common atrioventricular orifice; Coarc, coarctation of the aorta; Cont, 
atrioventricular valve; LJAA, left juxtaposition of the atrial appendage; 


ventricular septal defect. 

* Architectural pattern. 

[Бозу quasi inversus and quasi discordant. 
Possibly quasi solitus and quasi discordant. 


there being only 22 reports so far published in the 
English language (Table). Since both are associated 
with a single switch in the circulation both may be 
confused clinically with complete transposition of the 
great arteries. The irony of our first case is that 
because total anomalous pulinonary venous return 
resulted in equalisation of the systemic and pulmon- 
ary arterial oxygen saturations, and angiocardiogra- 
phy was suboptimal, neither complete transposition 
nor isolated atrioventricular-discordance!? was sus- 
pected preoperatively. Careful evaluation of the 
angiocardiograms with particular attention to the ven- 
tricular morphology should have established the cor- 
rect diagnosis. Though cross sectional echocardiogra- 
phy was undertaken only postoperatively and only in 
two patients, the features were sufficiently striking to 
suggest that the diagnosis could have been reached 
before cardiac catheterisation, as reported by Snider 
and colleagues.? 

The Table lists those patients in English language 
reports with a similar sequential chamber organisa- 
tion. Three cases previously designated as having 
"isolated ventricular inversion"!! or “ventricular 
inversion without transposition!?!? have not been 


included since they definitely or almost certainly had 
an absent atrioventricular connexion. 

The first step in the diagnosis of atrioventricular 
discordance is to establish atrial situs.!^ This is not as 
easy as it seems. In Clarkson's case there was situs 
solitus of the abdominal viscera and situs inversus of 
the atria and bronchi.! In our third case, the bronchial 
pattern! !6 and atrial appendage morphology as seen 
at operation indicated left atrial isomerism. This leads 
us to suspect that the case of Hazan and colleagues? 
had left isomerism rather than situs inversus. There 
was an azygos continuation of the inferior vena cava 
on the left, a common atrium, and a complete 
atrioventricular septal defect, all commonly associated 


‘with left isomerism.? In the lateral angiocardiogram, 


both pulmonary arteries looped posterior to the 
trachea, a pattern described by Soto and colleagues as 
characteristic of left isomerism.!? Similar, but not so 
clear cut, considerations apply to the heart described 
by Leijala and colleagues$ and the first case of Oster- 
meyer and colleagues.* 

Thus some diversity exists at the atrioventricular 
junction in these patients, with even a crisscross rela- 


tion having been гесогіей.!8 There is even more 


AVSD, atrioventricular septal defect; Acc, 
continuation; IVC, inferior vena cava; L, left; LAVV, left 
MS, mitral stenosis; MV, mitral valve; PA, pulmonary artery; PAPVC, partial 
anomalous pulmonary venous drainage; PDA, persistent ductus arteriosus; PL, posterior and leftward; PR, posterior and rightward; PS, pulm 
stenosis; R, right; RA, right atrium; RAA, rig 


stenosis; TAHVC, total anomalous hepatic venous connexion; TAPVC, total anomalous pulmonary venous drainage; TV, tricuspid valve; VSD, 


onary 
t aortic arch; RJAA, right juxtaposition of the atrial appendage; RV, right ventricle; SAS, subaortic 
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normal position to the left of the *circle", the aorta. 
On the other hand, if (as in Fig. 3) they spiral coun- 
terclockwise the picture obtained will be the mirror 
image of this. Therefore it is vital to ensure that left- 
right orientation is correct when the echocardiogram 
1s recorded. 

As the Table shows, whether or not there is situs 
solitus or inversus the great arteries almost always in 
fact spiral clockwise. In fact, our third case is the first 
reported in which the arteries definitely spiralled 
counterclockwise, though this was probably the 
arrangement in two cases described by Attie and col- 
leagues.2° Given that clockwise spiralling of the great 
arteries is the norm, whatever the atrial situs, the 
frailty of qualifying such terms as ventricular or atrial 
inversion or non-inversion, ventricular discordance, 


or atrioventricular discordance with the adjective 


*isolated" 1192! becomes immediately obvious. After 
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Ventricular Mitral-aortic Associated defects Treatment Result 
morphology* continuity 
sL No Coarc, VSD, PDA Medical Died 
L ? VSD, PS Modified baffles Died 
L Yes VSDs PA banding Died 
R ? TAPVC (RA), ASD, VSD, PS, MS L Blalock shunt Died 
R Yes ASD Mustard operation Alive 
R No VSD Medical Died 
R ? VSD ome ? 
L Yes VSD, PDA, hypoplastic TV, supravalvar ring Blalock-Hanlon shunt, PA banding Died 
L Yes VSD, RJAA, hypoplastic RV Medical Died 
R ? VSD Mustard, VSD closed Alive 
L ? VSD, PAPVC Mustard, VSD closed Died 
L No RAA, acc MV tissue, SAS, VSD, PDA PDA ligation, atrial septostomy Died 
R s Common atrium, CAVO Mustard operation Alive 
? ? 
L ? ? ? ? 
L ? ? ? ? 
L ? Crisscross, LJAA, VSD, RV hypoplasia Medical Died 
R ? Hemiazygos cont on left, TAHVC (RA) Mustard operation Alive 
L Yes Straddling TV, SAS, VSD, Coarc, PDA Medical Died 
L Yes AVSD, partitioned orifices, PAPVC, Mustard, LAVV repair Alive 
TAHVC (right sided atrium) 
L Yes D Mustard, VSD closed Alive 
L Yes VSD Senning operation Alive 
L No VSD, TAPVC Repair of TAPVC Died 
.L No VSD, PFO Mustard, VSD closed Alive 
< Yes Aneurysm, membranous septum, interrupted Mustard ! operation Alive 
: IVC, azygos cont, right aberrant, right 
subclavian artery 
diversity at the ventriculoarterial junction, despite the all, what should be regarded as the normal relation of 
fact that all have ventriculoarterial concordance. the great arteries in, for example, situs solitus with 
Firstly, there is the question of mitral-aortic con- atrioventricular discordance and a left hand pattern of 
tinuity or discontinuity. This seems of relatively small ventricular architecture? Is it determined by the atrial 
importance, particularly in the light of the wide range situs or the ventricular architecture? If the atrial situs 
of normality which exists in normal hearts.!? Of con- — is the determinant, then isolated ventricular inversion 
siderably more importance, particularly to the implies clockwise spiralling, whereas if ventricular 
echocardiographer, is the relation of the great arteries. ^ architecture is the determinant, isolated ventricular 
If the aorta is posterior and the great arteries spiral inversion implies parallel or counterclockwise great 
clockwise, then the parasternal short axis cut or scan arteries. The concept of chirality was emphasised by 
will show the “sausage”, corresponding to the right van Praagh et al with relation to atrial and ventricular 
&.. ventricular outflow tract and pulmonary trünk, in its architecture, when they pointed out, for example, 


that a normal right ventricle (in a D-loop) cannot be 
superimposed on an inverted right ventricle (in an 
L-loop), since one is a stereoisomer of the other.?? 
Precisely the same argument applies to spiralling great 
arteries. Clockwise spiralling great arteries cannot be 
superimposed on counterclockwise ones. It is there- 
fore difficult to believe that two hearts, both with situs 
solitus and atrioventricular discordance with a left 
hand pattern of ventricular architecture, are the result 
of the same disturbance of morphogenesis if in one 
heart the great arteries spiral clockwise and in the 
other counterclockwise. Though physiologically these 
hearts are identical, anatomically they are quite dis- 
tinct. 

Nevertheless, as far as surgical management of 
these conditions is concerned, spiralling of the great 
arteries is unimportant compared with correcting for 


. the atrioventricular discordance or quasi discordance. 
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Even if the fact that single unsuccessful surgical case 
reports are rarely published is borne in mind, it is 


impressive that all patients save one who are reported . 


to have an interatrial baffle procedure survived. Such 
a form of repair has the particular advantage that the 
morphological left ventricle remains supporting the 
systemic circulation. 
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Normal intracardiac and great artery blood velocity 
measurements by pulsed Doppler echocardiography 
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SUMMARY One hundred and 10 normal subjects were studied by pulsed Doppler velocimetry to 
determine the range of values of blood velocity across the cardiac valves and in the great vessels. 
Modal peak velocities of 1-55 m/s occurred in the left heart, but right heart peak velocities were 
lower. In most sites a statistically significant inverse relation between peak velocities and age or body 
surface area was found. Time to peak velcocity in the pulmonary artery and ascending aorta 
increased significantly with age and was shorter in the aorta than in the pulmonary artery. These 
data were developed to serve as standards for the assessment of values recorded in patients with 


congenital and acquired cardiac disease. 


The Doppler shift of ultrasound can be used to 
determine blood velocity at a number of cardiac and 
vascular sites, and these data in turn may be used to 
calculate blood flows and pressure differences.! ? 
Several small series of patients with normal values 
have been reported. Hatle and Angelsen reported the 
results in 30 children and 40 adults, but no method- 
ology was detailed. Grenadier and colleagues 
reported values for a small group of children, but no 
effort was made to correct velocities for the elevational 
plane angle, and aortic velocities were not measured 
with currently available transducers which can record 
velocities parallel with blood flow in the ascending 
aorta.5 Several other reports mention normal vel- 
ocities or time to peak velocity at isolated sites. ? 
The purpose of this study was to determine the 
modal peak blood velocity and time to peak velocity 
for a normal population at several clinically important 
sites. À feature of this study is that all measurements 
were obtained after careful alignment of the 
ultrasound beam with flow in three planes. 


Patients and methods 


One hundred and 10 normal volunteers with no evi- 
dence of cardiac disease or other known chronic ill- 
ness were studied. None had been referred for cardiac 


Requests for reprints to Dr D F Dickinson, Killingbeck Hospital, 
York Road, Leeds LS14 6UQ. 


Accepted for publication 4 December 1984 


evaluation. Informed consent was obtained from each 
subject or from the parents of the younger children. 
АП were studied at rest and without sedation by one of 
two examiners (NW or SJG). The ages of the subjects 
ranged from 14 days to 35 years (mean 11-6 years). 

Each examination was performed with an instru- 
ment which combined range gated pulsed Doppler 
velocimetry and cross sectional imaging echocardi- 
ography (Honeywell Ultra Imager). Velocities were 
obtained by aligning the Doppler cursor with the 
expected direction of flow in the two visualised planes 
and then searching in these two planes for the signal 
with the highest velocity and least spectral dispersion. 
The transducer was then angled in the third, or eleva- 
tional, plane to achieve the highest velocity with the 
least spectral dispersion. 

The velocity thus obtained was considered to be the 
maximal velocity. This was measured from baseline 
(zero) velocity to the peak of the modal velocity, 
identified as the darkest point at the peak of the curve 
(Fig. 1a). This point was chosen in preference to the 
absolute maximum velocity seen at the peak for 
reasons which will be discussed. The mean of four or 
five complexes was recorded. Time to peak velocity 
was measured from the departure of the velocity curve 
from the baseline to the modal peak velocity. Modal 
peak velocity and time to peak velocity were recorded 
in the superior vena cava, the ascending aorta and 
descending aorta (from the suprasternal notch), the 
abdominal aorta (from the subxiphoid region), the 
inlet of the tricuspid and mitral valve (from the apical 
four chamber plane), and the main pulmonary artery 
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Fig. 1 Pulsed Doppler echocardiograms showing a normal waveform (a) in the ascending aorta (viewed from the suprasternal 
notch), (b) in the pulmonary artery (parasternal short axis view); (c) across the mitral valve (apical four chamber view); and (d) across 
the tricuspid valve (apical four chamber view). (a) The Doppler frequency shift is converted to a velocity measurement in ст (vertical 
axis). A systolic waveform directed towards the transducer (positive wave) is present. The ascending limb of the wave is a discrete line 
indicating that at any given point all blood cells within the sample volume are travelling in the same direction at similar speed. At peak 
velocity there is some broadening of the line indicating blood cells travelling in differing directions and velocities. This feature is also 
apparent during the deceleration phase of the curve. The modal peak velocity (MPV) is the velocity that occurs most frequently and is 
identified as the darkest point on the peak of the curve. Time to peak velocity (TPV) is measured from the onset of the upstroke of the 
curve to the MPV as shown. VC, valve click. (b) A negatively directed systolic wave with characteristics similar to those in the aorta is 
present. (c) Two positively directed waves are present in diastole; the first and highest peak (from which modal peak velocity is 
measured) corresponds to the period of maximum mitral flow and the second coincides with the flow associated with atrial contraction. 
(d) The general configuration of the waveform is similar to that across the mitral valve but modal peak velocity is lower. 


immediately distal to the pulmonary valve (from the 
parasternal short axis view). Time to peak velocity 
and modal peak velocity were measured from the 
monitor at a sweep speed of 100 mm/s with electronic 
calipers. Subjects were not restudied by the other 
operator nor were measurements repeated at different 


times of the same day or on different days. 
Although it was possible to record velocities from 
all other areas at an intercept angle of <20° in the two 
visualised planes, the abdominal aorta was always 
interrogated at an intercept angle of >20°. Therefore 
at this site velocities were corrected according to the 


Normal intracardiac and great artery blood velocity measurements by pulsed Doppler echocardiography 


Table 1 Modal peak velocity and time to peak velocity in the 
heart and great vessels in 110 subjects 


о 





Site Range Mean Median 15р 
Modal peak velocity (ст) 
Superior vena cava 28-80 51 51 13 
Tricuspid valve 33-81 53 51 12 
Pulmonary artery 52-13] 81 82 17 
Mitral valve 44-128 77 78 16 
Ascending aorta 76-155 104 103 19 
Descending aorta 70-160. 101 99. 17 
Abdominal aorta 55-222 113 107. 30 
Time to peak velocity (ms) Я 
Pulmonary artery 60-180 121 120 27 
Ascending aorta 50-150 92 90 23 
Descending aorta 50-190 107 110 28 
formula: true velocity = recorded velocity/cosine 


theta, where theta is the angle at which the ultrasound 
beam intercepts the axis of blood flow. 


STATISTICAL ANALYSIS 

For each variable means and standard deviations were 
calculated. Scatter diagrams for all peak velocities and 
time to peak aortic and pulmonary velocities against 
age and body surface area were plotted and correlation 
coefficients and standard errors of the estimate deter- 
mined assuming a linear relation. To facilitate statisti- 
cal analysis for those subjects in whom complete data 
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were not obtained the respective mean value of the 
peak velocity.calculated from the rémaining popula- 
tion for that variable was used. This method was not, 
however, used to complete data for the abdominal 
aorta because of the relatively large number of sub- 
stitutions that would have been necessary. Altogether 
only 10 mean values were inserted accounting for 
<1% of the total data. 


Results 


The examination was generally completed without 
difficulty except for the recording of velocities from 
the abdominal aorta. It was possible to record vel- 
ocities from this site in only 89 out of 110 subjects, 
and the angle in the visualised planes was often as 
large as 45? and at times even greater. Velocity record- 
ing also failed for the pulmonary artery in two sub- 
jects, for the ascending aorta in three, and for the 
descending aorta in five. Figure 1 shows examples of 
typical normal waveforms. 

A normal distribution of modal peak velocity and 
time to peak velocity was observed at all sites. Table 1 
shows the range of velocity at each site and the time to 
peak velocity (acceleration time) in the ascending 
aorta, the descending aorta, and the pulmonary 
artery. Figures 2-5 and Table 2 show the correlation 


Table2 Correlation of modal peak velocities and time to peak velocity with body surface area and age 





Site Body surface area 
r SEE 
Superior vena cava —0:53 10-8 
Tricuspid valve —0-22 122 
Pulmonary artery —0:21 16-8 
Mitral valve —0-27 15.3 
Ascending aorta 0.04 18-6 
Descending aorta —0:07 16-9 
Time to peak velocity: 
Pulmonary artery 0-6 21:6 
Ascending aorta 0-62 17-7 
Descending aorta 0-57 23:3 





Age 

p value r SEE p value 
«0-001 —0-48 11-1 «0-001 
«0-05 —0-25 121 «0-01 
«0-05 —0:31 16-4 «0-01 
«0-01 —0.39 14-7 «0-001 
NS —0-06 18.6 NS 
NS —0-04 16.9 NS 
«0-001 0-61 214 «0-001 
«0-001 0-53 19-2 <0.001 
<0-001 0-55 23-8 «0-001 


ФФ — M —— M MÀ — — — ———— 


SEE, standard error of estimate. 


Table 3 Correlation of modal peak velocity and time to'peak velocity at different sites 














Site Modal peak velocity Time to peak velocity 
SVC TV PV MV Ascending Descending PV Ascending 
aorta aorta aonta  - 
Modal peak velocity: 
Tricuspid valve (TV) 0-18 
Pulmonary valve (PV) 0-33 0-28 
Mitral valve (MV) 0-21 0-30 0-26 
Ascending aorta 0-10 0-07 0-47 0-29 
Descending aorta 0-14 0-06 0-40 0-32 0-50 
Time to peak velocity: 
Pulmonary valve —0:39 —0-19 —0:25 —0-10 0-06 0-04 
Ascending aorta —0:38 —0-05 —0-19 —034 ' —0-08 —0-07 0-45 
Descending aorta —0:30 —0:13 —0-17 —0-16 0-14 0-01 0:54 0-59 





SVC, superior vena cava. 
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Fig. 2 Correlation of age (years) with modal peak velocity (cm/s) (a) in the superior vena cava, (b) across the tricuspid valve, (c) in 
the pulmonary artery, (d) across the mitral valve, (е) іп the ascending aorta, and (f) in the descending aorta. 


of the measured variables with age and body surface 
area. At most sites a statistically significant inverse 
relation between modal peak velocity and both age 
and body surface area was found. In the ascending 
and descending aorta, however, the correlation 


coefficients with age and body surface area were close 
to Zero. 

For time to peak velocity in the pulmonary artery 
and in the ascending and descending aorta there was a ` 
strong positive correlation with both age and body 
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Fig. 3 Correlation of body surface area (m?) with modal peak velocity (cm/s) (a) in the superior vena cava, (b) across the tricuspid 
valve, (c) in the pulmonary artery, (d) across the mitral valve, (e) in the ascending aorta, and (f) in the descending aorta. 


surface area. Modal peak velocity generally did not 
correlate strongly at different sites (Table 3). The cor- 
relation of peak velocity in the ascending aorta with 
that in the descending aorta (Fig. 5) was, however, 
0-5 (p« 0-001). 


Discussion : 


Doppler echocardiography is a useful tool in the 
investigation of patients with congenital cardiac dis- 
ease since it allows blood velocity at various cardiac 
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Fig.4 Correlation of age (years) and body surface area (m?) with time to peak velocity (ms) ((а) and (d)) in the pulmonary artery, 
((b) and (е)) in the ascending aorta, and ((c) and (f)) in the descending aorta. 


and vascular sites to be measured non-invasively. Vel- 
ocity measurement, combined with other measure- 
ments, permits a quantitative assessment of blood 
flow and pressure gradients.!~3 A detailed knowledge 
of normal values at clinically useful sites is clearly a 


prerequisite for interpreting data from patients with 
abnormal anatomy or haemodynamics. 

Previous studies, mainly of adult populations, have 
reported normal values from a limited number of 
sites,4~® some using the continuous wave ultrasound 
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Fig. 5 Correlation of modal peak velocity (cm/s) in the 
ascending aorta (vertical axis) with that in the descending aorta 
(horizontal axis). 


technique. In an earlier study of children by Gren- 
adier and colleagues alignment of the ultrasound 
beam with blood flow in the third (elevational) plane 
was not confirmed‘; thus the reported velocities may 
have underestimated true velocity. Our results 
confirm this for some sites. 


PROBLEM OF ANGLE CORRECTION 

Velocity (V) is calculated from the formula: У=(С 
dF)/(2F cos theta) where F is the emitted signal fre- 
quency, C the velocity of ultrasound in soft tissue, dF 
the frequency shift, and theta the intercept angle of 
the ultrasound beam with the direction of blood flow. 
Accurate measurement of the intercept angle in three 
planes is impossible with current Doppler instru- 
ments. If, however, theta is «20? cosine theta is 
270-94 and the recorded velocity is correct to within 
6% of true velocity. Alignment of the ultrasound 
beam with flow by the method described should 
therefore permit a reasonably accurate measurement 
of maximum velocity without using a potentially inac- 
curate correction for the intercept angle. 


USE OF MODAL PEAK VELOCITY 

By definition the modal velocity is that velocity at 
which most of the blood cells within the sample vol- 
ume are travelling at any moment in time. On the 
spectral display it appears as the densest area of the 
waveform (Fig. D. During the acceleration phase, 
virtually all the cells in the sample volume are moving 
in the same direction at the same velocity and the 
waveform is a narrow line. At peak velocity there is 
some broadening of the waveform, although with 
accurate alignment with blood flow this rarely exceeds 
a velocity range of >25 cm/s. The peak velocity at the 
outer edge of the Doppler waveform is a point which, 
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in practice, we have found more difficult to identify 
precisely, and in our experience modal peak velocity 
is a more reproducible point from which to make 
measurements. Although range adjustment will 
broaden or narrow the spectral display, the value of 
peak modal velocity will be unchanged. 

With the exception of the abdominal aorta, imaged 
from the subcostal position, the methods we used 
allowed good alignment with flow at all sites. Modal 
peak velocity in the abdominal aorta had the widest 
range and highest standard deviation of any meas- 
urement in this study. This variability and the poor 
correlation between descending and abdominal aortic 
velocities probably resulted from an inadequate esti- 
mate of the spatial intercept angle between the 
ultrasound beam and blood flow in the abdominal 
aorta rather than any true difference in modal peak 
velocity between these two sites. Since the large inter- 
cept angle was necessary even small errors in estima- 
tion of this angle could make a considerable difference 
in the calculated velocity. The results suggest that 
using this method a difference in velocity between 
these two points could not be regarded as satisfactory 
evidence of aortic coarctation. 

Although at most sites the modal peak velocities 
recorded in this study are similar to previously 
reported values*" * some points of difference emerge. 
Not all authors have, however, specified the point 
from which the measurements were made, and some 
of these differences may be due to differences in 
measurement technique. Our mean values for modal 
peak velocity are close to those of Grenadier et al‘ 
measured using the same method, but the range of 
values— particularly in the pulmonary artery and at 
the mitral inlet—are much wider in the present study. 
Some individuals attained modal peak velocities of 
approximately 130 cm/s at these sites compared with 
values of 90-105 cm/s in the study of Grenadier. At 
these two sites our highest values are more in accord 
with those of Hatle and Angelsen recorded using a 
combination of the pulsed and continuous wave Dop- 
pler techniques.? Nevertheless, Hatle and Angelsen? 
recorded maximal velocities in the aorta far in excess 
of ours for reasons which we cannot explain. At this 
site our values are much closer to those of Mowat 
et al.* 

Within the age range of the subjects in this study 
there was no change in aortic modal peak velocity 
with increasing age (Fig. 2c), a finding in keeping 
with the observations of Light in 120 children aged 
from 1 to 12 years.? In a study of an older population 
maximal aortic velocity was found to decline with 
аде. 

Mahan et al found an inverse relation. between 
pulmonary artery acceleration time (time to peak vel- 
ocity) and pulmonary artery pressure measured at 
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cardiac catheterisation.8 In the present study pulmo- 
nary artery acceleration time is shown to be directly 
related to age (Fig. 4a), the lowest value of 55 ms 
occurring in the youngest subject aged 2 weeks. In 
view of the findings of Mahan et al! this short time to 
peak velocity might be attributed to the persistence of 
a relatively high pulmonary vasomotor tone in these 
youngest subjects, with some increase in pulmonary 
artery pressure. No observations are, however, avail- 
able to confirm this, and at present acceleration times 
in this age group should be interpreted with caution. 

Measurement of modal peak velocity was easy for 

` the ascending aorta but more difficult for the descend- 
ing aorta. The best alignment with flow is achieved at 
the junction of the transverse and descending aorta. 
Nevertheless, an appreciable degree of spectral 
broadening occurs in this location because cells within 
the sample volume are changing direction. None the 
less, ranges for ascending and descending aortic vel- 
ocity are similar. Furthermore, our results show little 
velocity change at either site over the age range 
studied. Time to peak velocity in the ascending and 
descending aorta lengthened with age. 

In accord with previous findings* 5 modal peak vel- 
ocity across the mitral valve exceeded that across the 
tricuspid valve (mean 53 (range 33-81) cm/s for the 
tricuspid and mean 81 (range 44-128) cm/s for the 
mitral valve). Superior vena caval velocity varied con- 
siderably with respiratory excursion and with 
increased intra-abdominal tension such as occurs with 
crying or upper respiratory tract obstruction. In this 
study all superior vena caval measurements were 
made with the subject at rest and breathing quietly. If 
any conclusion is to be drawn from a superior vena 
caval velocity pattern the above factors must be taken 
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into account. An example of the use of normal 
superior vana caval velocities occurred during our 
study when we had the opportunity to examine two 
infants with total anomalous pulmonary venous con- 
nexion of the supracardiac type in whom the ascend- 
ing pulmonary vein connected to the innominate vein. 
In these children superior vena caval blood velocity 
was increased at rest. 
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SUMMARY In a young man presenting with an episode of syncope and ventricular tachycardia but 
with no chest pain the right coronary artery was found to originate from the left aortic sinus of 
Valsalva. After a coronary artery bypass graft he was able to return to full activity. 


Origin of the right coronary artery from the left aortic 
sinus of Valsalva is a rare anomaly. It has not shared 
the sinister reputation of the corresponding abnormal- 
ity of the left coronary artery (origin from the anterior 
aortic sinus). We report its association with syncope 
and ventricular tachycardia in a patient who had pro- 
longed remission of symptoms after coronary artery 
bypass grafting. 


Case report 


A 29 year old computer manager was admitted to hos- 
pital in July 1980 after an episode of syncope while 
playing touch football. He had no history of cardiac 
disease, was a non-smoker, and had been engaged in 
regular athletic activity, running up to 70 km a week. 
On arrival he was pale, dyspnoeic, and sweaty. He 
was in sinus rhythm with frequent ventricular 
extrasystoles, his blood pressure was 110/70 mm Hg, 
and there was a fourth heart sound. Ап electrocar- 
diogram showed T wave inversion in leads III, aVF, 
and V1-4, which deepened in V3-4 over the next day. 
Serum creatine phosphokinase activity was slightly 
increased (278 U/l, normal range 20-120 ОЛ). He was 
discharged taking quinidine and referred for further 
evaluation. 

An echocardiogram was normal. Exercise testing to 
beyond stage IV (Bruce protocol!) provoked frequent 
ventricular extrasystoles and short runs of ventricular 
tachycardia. A thallium scan after exercise showed 
that peak counts over the posterior wall were 3096 
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greater than those over the basal septum. Coronary 
angiography showed a normal left system. The right 
coronary artery arose from the left coronary sinus and 
passed between the aorta and right ventricular outflow 
tract before taking its normal course to become the 
posterior descending artery. The abnormal portion 
appeared to be narrowed between the great arteries 
(Figure). The left ventriculogram was normal. 

Surgery was advised, and at operation (February 
1981) the arteriographic findings were confirmed. A 
single saphenous vein graft was inserted from the 
aorta to the right coronary artery as it emerged from 
behind the pulmonary artery. 

He had several episodes of ventricular tachycardia . 
in the month after surgery and was treated for six 
months with quinidine and disopyramide. These 
drugs were then withdrawn with no recurrence of his 
symptoms. Five months after operation he was able to 
exercise on a treadmill to a peak speed of 10 kph with 
a grade of 20% with only infrequent ventricular 
extrasystoles. He remained well and returned to full 
activity. In September 1982 he competed in a “half 
marathon," running within six minutes of the course 
record, and in May 1984 was running up to 80 km a 
week and competing in races of up to 20 km. А 24 
hour (Holter) electrocardiogram showed resting 
bradycardia with frequent ventricular extrasystoles 
which became less frequent with exercise and during 
another stress test. 


Discussion 


Almost certainly our patient experienced some form 
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Figure Right coronary arteriograms in (a) left and (b) nght anterior oblique projections showing proximal portion of vessel 


apparently compressed between aorta and pulmonary artery. 


of cardiovascular event at the time he presented, and 
given that we subsequently documented exercise 
related ventricular tachycardia we believe that this 
was probably an arrhythmia. He had no chest pain, 
but the T wave changes and fourth heart sound may 
have been evidence of ischaemia, although the 
increase in the serum creatine phosphokinase activity 
might be attributed to release from skeletal muscle 
because of his exertion, and the thallium scan did not 
show an exercise related perfusion defect in the dis- 
tribution of the right coronary artery. Although at the 
time we were aware of reports attributing ventricular 
arrhythmias and death to anomalous origin of the left 
coronary artery from the anterior sinus of Valsalva,” + 
the corresponding abnormality of the right coronary 
artery was reported to be without clinical importance, 
with only isolated instances of associated morbid- 
ity. 6 Nevertheless, there appeared to be no other 
explanation in this previously very fit young man. We 
were persuaded by the evident deformity of the prox- 
imal right coronary artery that the potential for 
ischaemia was present. In the circumstances we con- 
sidered it appropriate to offer him a single graft to the 
right coronary artery, and although he required 
treatment for a time after surgery he is apparently no 
longer at risk from exercise related ventricular 
tachycardia. 
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Origin of the right coronary artery from the left 
sinus of Valsalva is a rare anomaly. In two unselected 
postmortem studies the incidence was reported аз 
0-696" and 0-2696,* while in angiographic series? it 
was less than 0-296. Origin of the left coronary artery 
from the anterior aortic sinus is commoner and has 
been well recognised to cause exercise related 
arrhythmias and sudden death in young men.? * 
Before 1980, however, anomalous origin of the right 
coronary artery was regarded as generally benign? * 
with only a few reported cases of associated chest pain 
or arrhythmias.? * In that year Benge et al described 
heart block and posterior wall infarction in a young 
man with anomalous origin of the right coronary 
artery from the left aortic sinus,* and Roberts et al 
subsequently reported the necropsy findings in 10 
patents, in three of whom death was sudden and 
related to exertion. '? 

The mechanisms that have been postulated include 
compression of the proximal portion of the coronary 
artery as it passes between the aorta and right ven- 
tricular outflow tract and stretching or distortion of 
the ostium. Although the latter might seem more 
plausible, given that the pulmonary artery is more 
readily compressed than a vessel perfused at systemic 
pressure, the proximal right coronary artery in our 
case and in those described by Bloomfield et al! ' and 
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Keren et al!? appeared to be narrowed for some little 
distance beyond the ostium. 

‘2 There have been several published reports of 
surgery for this anomaly.!! !3 One describes a young 
man with angina, ventricular fibrillation, and inferior 
infarction, in whom studies at operation showed that 
diminished coronary reserve in the distribution:of the 
right córonary artery was corrected by a graft. Our 
patient is the first of whom we are aware who has had 
vein grafting for this condition and in whom a long 
period of subsequent good health argues for a success- 

“ЁШ result. 
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Use of amiodarone and digoxin specific Fab antibodies 


in digoxin overdosage 


D P NICHOLLS,* J G MURTAGH,* D W HOLTH 
From the *Cardiac Unit, Belfast City Hospital, Belfast, Northern Ireland; and the [Poisons Unit, Guy's Hospital, 


London 


SUMMARY А 61 year old man with mild aortic stenosis and chronic depression took 12:5 mg digoxin 
in a suicide attempt. Ventricular tachycardia and fibrillation were resistant to lignocaine and to 
phenytoin but responded to intravenous amiodarone, with restoration of pacing. Because of persis- 
tent hyperkalaemia he was also treated with Fab fragments of digoxin specific antibody, which 


bound most of the ingested digoxin. 


It is suggested that the treatment of choice in severe digoxin poisoning is amiodarone for ventricu- 
lar arrhythmias followed by pacing if necessary and ше: use of Fab antibody fragments if һурег- 


kalaemia persists. 


Digoxin overdosage is an infrequent but serious med- 
ical emergency, characterised by arrhythmias, hyper- 
kalaemia, and resistance to pacing. The overall mor- 
tality is about 2096,!^3 very high serum digoxin con- 
centrations usually being associated with a fatal out- 
соте.4- 7 The use of Fab fragments of digoxin specific 
antibody to reverse toxicity has been described 
recently.5^!9 In addition, amiodarone may be an 
effective drug for controlling ventricular arrhythmias 
secondary to digoxin overdosage.!! We report a case 
of severe digoxin poisoning in which, for the first 
time, both methods of treatment were used. 


Case report 


А 61 year old man with a long history of depressive 
illness requiring previous inpatient care and elec- 
troconvulsive therapy received maintenance treat- 
ment with amitriptyline. In June 1983 he developed 
breathlessness and palpitation and was investigated by 
another hospital. Àn echocardiogram showed mild 
aortic stenosis, and 24 hour electrocardiographic 
monitoring showed sinus rhythm with occasional ven- 
tricular extrasystoles. Treatment was started with 
digoxin 0-25 mg daily and the amitriptyline with- 
drawn. After this he became more depressed. In 
November 1983 he attempted suicide by taking 50 
tablets of 0-25 mg digoxin because he understood that 
“they would slow the heart down.” One hour later no 
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effect was apparent so he incised both radial arteries. 
The bleeding soon stopped, and he gave up his suicide 
attempt. 

On arrival at our casualty department four hours 
after ingestion of the tablets he was pale but alert with 
no nausea. Ап electrocardiogram showed a PR inter- 
val of 240 ms with widespread ST segment depres- 
sion. Haemoglobin concentration was 8 g/dl, serum 
potassium concentration 4-7 mmol/l, and serum 
digoxin concentration 11 ug/l. Shortly after admis- 
sion, he developed ventricular tachycardia and fibril- 
lation alternating with periods of asystole requiring 
13 DC cardioversions despite the intravenous 
administration of lignocaine 100 mg on two occasions 
and of phenytoin 250 mg. During insertion of a tem- 
porary transvenous pacing wire the unstable rhythm 
continued and required a further 36 DC cardiover- 
sions. Figure 1 shows the rhythms recorded at this 
time: ventricular tachycardia, ventricular fibrillation, 
asystole with artefacts due to cardiac compression, 
and failure of pacing to capture despite maximum 
output (12 V). 

Seven hours after ingestion of the tablets 
amiodarone 150 mg was given intravenously over five 
minutes. Ап electrocardiogram at this time showed 
restoration of pacing capture (threshold 1-3 V) and 
finally a regular junctional rhythm accompanied by 
good cardiac output (Fig. 1). А further intravenous . 
dose of amiodarone was given (total 5 mg/kg loading 
dose) followed by an infusion of 900 mg over 24 
hours. 
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Nine hours after ingestion of the digoxin tablets his 
cardiac rhythm was stable, but the serum digoxin 
concentration had risen to 14 ug/l and the serum 
potassium concentration to 6:8 mmol/l. It was 
decided to treat him with Fab fragments of digoxin 
specific antibody, but as there was only one batch of 
antibody available in the United Kingdom the anti- 


ООШ 








Fig. 1 Electrocardiogram (lead II) showing rhythms ((a)-(d)) 
before and ((e)-Xh)) after the intravenous administration of 
amiodarone 150 mg: (a) ventricular tachycardia; (b) ventricular 
fibrillation; (c) asystole with external cardiac compression; (d) 
failure of capture of pacing despite maximum output (12 V); (е) 
ventricular fibnllation at one minute; (f) a regular rhythm at two 
minutes; (g) capture of pacing (threshold 1:3 V) at three minutes; 
and (h) a junctional rhythm at four minutes. 
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body was not available for use until 18 hours after 
ingestion of the tablets. А test dose of 2 mg of anti- 
body was given followed 30 minutes later by 600 mg 
(60 times the amount ingested assuming 80% absorp- 
tion) contained in 100 ml of 596 dextrose and infused 
over 15 minutes. 

Figure 2 shows the total serum digoxin concentra- 
tions measured from the time of ingestion of tablets (0 
hours). Within 30 minutes of the administration of 
the test dose of antibody the total serum digoxin con- 
centration increased 10-fold from 19 to 190 ug/l and 
the serum potassium concentration fell from 6:2 to 
4:0 mmol/l. 

Free digoxin was not detected in plasma until 47 
hours after ingestion of tablets (2-4 g/l) and declined 
thereafter. Urine digoxin concentration was 90- 
640 ug/l in the six hours before the administration of 
antibody and rose to a maximum of 2470 ug/l four 
hours after treatment. 

The patient made an uneventful recovery from his 
overdose and has continued to take oral amiodarone 
200 mg daily with satisfactory control of his cardiac 
symptoms. He was transferred for psychiatric care, 
treated with mianserin and psychotherapy, and is now 
back at work. 


500 | Antibody 


100 


Serum digoxin concentration (29/1) 
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Fig. 2 Total (@) and free (©) serum digoxin concentrations 

( ugil) at intervals after ingestion of 12-5 mg digoxin at 0 hours. 
Fab digoxin specific antibody 2 mg was given at 18 hours and 
600 mg at 18-5 hours after drug ingestion. 
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MEASUREMENT OF DIGOXIN CONCENTRATION 
Plasma digoxin concentrations were measured by 
fluorescence polarisation immunoassay (Abbott 
TDx); the limit of accurate measurement for this 
method is 0:2 ug/l. Free digoxin was measured after 
equilibrium dialysis. Total digoxin concentrations, 
after treatment with antidigoxin antibody fragments, 
were measured after heating the samples for one hour 
at 100°С and dilution with digoxin free heparinised 
human plasma. Plasma amiodarone concentrations 
were measured using high performance liquid 
chromatography.!? 


Discussion 


The ventricular tachyarrhythmias observed after 
severe digoxin poisoning may be resistant to treat- 
ment. In this case, amiodarone stabilised the cardiac 
rhythm whereas lignocaine and phenytoin had previ- 
ously been ineffective, confirming the clinical value of 
amiodarone in this situation.!! Control of the ven- 
tricular arrhythmias was maintained by infusion of 
amiodarone, which produced plasma concentrations 
in the range of 0-6-0-8 mg/l. For comparison, chronic 
oral treatment with amiodarone 200 mg daily pro- 
duces plasma concentrations of about 1 mg/l.!? The 
reasons for the efficacy of amiodarone in the treatment 
of digoxin induced ventricular arrhythmias is not 
clear, but in addition to the antiarrhythmic action of 
amiodarone it may also displace digoxin from 
myocardial binding sites.!^ This produces an increase 
in the plasma concentration of digoxin!5 but may 
possibly reduce myocardial toxicity. It is interesting 
to note that in our patient amiodarone also reduced 
the pacing threshold. 

Although amiodarone may stabilise the rhythm dis- 
turbances, there remains a large body pool of digoxin 
to clear. Conventional methods of treatment such as 
haemodialysis are ineffective because the plasma is 
constantly replenished from a large tissue compart- 
ment. Hyperkalaemia is a sign of severe toxicity? ^ as 
it implies failure of the myocardial membrane 
adenosine triphosphatase  pump.!$!7 Although 
dialysis or glucose/insulin may reduce the serum 
potassium concentration in some cases, in others the 
concentration continues to increase and may cause 
fatal arrhythmias. For this reason, it is important to 
enhance the clearance of digoxin if hyperkalaemia is 
present. The effectiveness of digoxin specific antibody 
in clearing digoxin is shown in this and in the other 
cases reported.8 10 

We suggest that the treatment of choice for severe 
digoxin poisoning should be intravenous amiodarone 
for life threatening ventricular arrhythmias followed 
by pacing if bradycardia is evident and the use of 
digoxin specific antibodies if hyperkalaemia is pres- 
ent. 


Nicholls, Murtágh, Holt 


We thank the Wellcome Foundation for supplies of 
antibody and Mrs Bowman and the British Red Cross 
Society for transporting the antibody. 
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Coronary sinus type atrial septal defect in a child with 
pulmonary atresia and Ebstein's anomaly 


GA RUSSELL, P G I STOVIN 


From the Department of Morbid Anatomy and Histopathology, Addenbrooke’s Hospital, Cambridge 


SUMMARY At birth an infant was found to have an unusual series of abnormalities with a coronary 
sinus type atrial septal defect complicating pulmonary atresia with an intact ventricular septum and 
Ebstein's anomaly. The functionally important anomalies were diagnosed by echocardiography and 
cardiac catheterisation. The coronary sinus defect and Ebstein's anomaly were detected only at 
necropsy. Although only a single case, the features of this heart favour Bull's revised classification of 


pulmonary atresia. 


Communication of the coronary sinus with both atria 
is a very rare congenital abnormality. We report a case 
occurring in a female infant with an unusual combina- 
tion of pulmonary atresia and Ebstein's anomaly of 
the tricuspid valve. We also review the range of coro- 
nary sinus type atrial septal defects found in pub- 
lished reports and discuss problems in the 
classification of pulmonary atresia. 


Case report 


А girl weighing 4-6 kg was born at the maternity unit 
at this hospital. Her mother, aged 30 years, had had 
an uneventful pregnancy and labour was spontaneous 
at 40 weeks' gestation. Soon after delivery the infant 
became deeply cyanosed on crying. Examination 
showed a loud pansystolic murmur down the left ster- 
nal edge. Her arterial oxygen pressure (PO,) was 5-2 
kPa and remained unaltered in 9596 oxygen. She was 
transferred to the Hospital for Sick Children, Great 
Ormond Street, London, where cardiac catheterisa- 
tion and cross sectional echocardiography were per- 
formed. These showed complete atresia of the pulmo- 
nary valve with an intact ventricular septum, an atrial 
septal defect, right ventricular hypertrophy, a small 
tricuspid valve, and persistent ductus arteriosus. The 
following day she underwent surgery and had a 
Blalock-Taussig shunt sutured between the right 
pulmonary artery and the brachiocephalic artery; her 
subclavian artery was deemed too small to permit this 
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more usual site of anastomosis to be used. 

She had an eventful postoperative course compli- 
cated by a right diaphragmatic palsy, empyema, pro- 
longed artificial ventilation, and pneumothorax. She 
died at 13 weeks old after a cardiac arrest. 


NECROPSY FINDINGS 

The heart was enlarged. А fenestrated ostium secun- 
dum type atrial septal defect was found. Another 
communication between the atria was present at the 
site of the coronary sinus. À probe could be guided 
into both atria and into the coronary sinus through 
this defect (Fig. 1a). The coronary sinus itself was 
dilated. No left superior vena cava was present. The 
right atrium was dilated. The tricuspid valve was dis- 
placed apically by about 1 cm from the annulus 
fibrosus at the septal leaflet. The anterior leaflet was 
not as severely affected. The valve leaflets were thick- 
ened and attached to diminutive chordae and papil- 
lary muscles. The valve orifice was restrictive with a 
diameter of only 0-4 cm. The endocardial surface 
between the valve orifice and the annulus had ап 
"atrialised" appearance. The septal area of atrialised 
ventricle contained a blind ending pit where the 
fibrous tissue adherent to the ventricular muscle 
swept into the origin of the pulmonary infundibulum 
(Fig. 1b). The right ventricular cavity itself was very 
small and the trabecular portion virtually obliterated. 
Several dilated vascular channels were found in the 
right ventricular wall. One of these could be traced to 
the cavity of the right ventricle, although no com- 
munication with the coronary arteries could be found. 
The wall of the right ventricle was hypertrophied (1-4 
cm thick) and had a fibrous texture. À thin tortuous 
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Fig. 1 (a) Necropsy specimen showing the opened coronary 
sinus (CS) viewed across the atrial septum. The white probe 
passed easily from the right atnum (RA) to the left atrium (LA) 
along the coronary sinus and is visible through the defect (D) in 
the anterior wall of the sinus. (b) Necropsy specimen showing 
Ebstein's anomaly of the tricuspid value. The lumen of the valve 
(V) is displaced apically. Leaflet material is adherent to the 
myocardium covering the atrialised ventricle (AV) between the 
annulus fibrosus (AF) and the valve orifice and is visible as a 
thin line between the two arrow heads. A blind ending pit is 
formed by leaflet material lining the origin of the pulmonary 
infundibulum. Diminutive chordae tendineae (CT) and papillary 
muscles (P) are present. 


Russell, Stovin 


pulmonary infundibulum ended 1 mm below the 
pulmonary valve. The valve itself was atretic with 
fusion along the lines of cusp apposition to produce a 
triradiate raphe appearance. The left sided structures 
appeared relatively normal except for moderate left 
ventricular hypertrophy (1-1 cm thick) and dilatation 
of the aortic root. The coronary arteries and coronary 
ostia were normal. The ductus arteriosus was patent 

Microscopical examination of the heart showed an 
endocardial fibroelastosis of the right ventricle but not 
the left. Dilated vascular channels were present in the 
right ventricular wall draining the cavity of the ven- 
tricle. The myocardial cells of the right ventricle were 
thin and attenuated, while other areas showed cells 
with unusually large nuclei perhaps representing a 
response to the raised intraventricular pressure. The 
right coronary arterial system showed pronounced 
fibroinumal proliferation, probably reflecting 
increased pressure in the arteries. 


Discussion 


This patient’s heart presented a very rare combination 
of individually rare abnormalities. Mantini and co- 
workers have comprehensively described the range of 
anomalies affecting the coronary ѕіпиѕ.! Communica- 
tion of the atria via the coronary sinus has been 
reviewed by Cohle et al.? They found eight cases in 
published reports and added one more. Three of these 
were incidental findings at postmortem examination. 
Three cases had evidence of functional left to right 
shunting through the defect. Three cases described by 
Rose et al had evidence of a congenital obstructive 
lesion in the heart; one had mitral atresia, one tricus- 
pid atresia, and one stenosis of the orifice of the coro- 
nary sinus in the right atrium.? No cases of this type 
of anomaly occurring concurrently with another atrial 
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Fig.2 Diagrams showing patterns of atrial septal defects 
involving the coronary sinus: (a) Raghib et al; (b) Rose et al% 
(c) present case, also Cohle et al? and Mantini et al.' ASD, 
atrial septal defect; АЕ, atriovenous fold; CS, coronary sinus; 
LSVC, left superior vena cava; SVC, superior vena cava; IVC, 
inferior vena cava; LA, left atrium; RA, right atrium. 


Coronary sinus type atrial septal defect in a child with pulmonary atresia and Ebstein's anomaly 


septal defect were described. Our case is unique, 
therefore, in having the two forms of atrial septal 
defect complicating pulmonary atresia together with 
Ebstein's anomaly. 

Another pattern of coronary sinus defect has been 
described by Raghib et al, who found a persistent left 
superior vena cava associated with an absent coronary 
sinus.4 These abnormalities probably represent a 
spectrum of maldevelopment of the left horn of the 
sinus venosus and left common cardinal vein. The 
sinus venosus is normally partitioned from the left 
atrium by the left atriovenous fold. Cohle et al point 
out that failure of development of the atriovenous fold 
would lead to communication of the coronary sinus 
with the left atrium and an atrial septal defect at the 
coronary sinus ostium? (Fig. 2). 

Pulmonary atresia is usually classified into two 
types.5 The morphology of the right ventricle is used 
as the determinant of the type of lesion present. The 
type I lesion is associated with a small right ventricu- 
lar cavity and hypertrophy of its wall. The tricuspid 
valve is said to be hypoplastic but usually competent. 
Aberrant intramyocardial sinusoids are often found in 
the right ventricular wall. These vessels may link the 
cavity with epicardial branches of the coronary 
агтегіеѕ.6 The type II pattern is found with an incom- 
petent valve and has a normal or dilated right ven- 
tricle. 

The lesions in this heart present problems in 
classification. The tricuspid valve in Ebstein's anom- 
aly is usually incompetent. When Ebstein's anomaly 
has been found with pulmonary atresia usually the 
type II pattern has been described.5? Zuberbuhler 
and Anderson, however, showed in their 10 cases of 
pulmonary atresia with intact ventricular septum and 
Ebstein's anomaly that when the tricuspid valve was 
restrictive or dysplastic there was an associated hypo- 
plasia of the right ventricular cavity.’ Although the 
right ventricular cavity in this case was deceptively 
small because of the low set tricuspid orifice, 
nevertheless the hypertrophy of the wall and the pres- 
ence of intramyocardial sinusoids suggest that this is a 
type I lesion in the presence of Ebstein's anomaly. 

Bull et al have proposed a revised classification of 
pulmonary atresia with intact ventricular septum 
which places less emphasis on the competence of the 


467 


tricuspid valve but more on the diameter of its 
orifice.? Their work showed that the diameter of the 
tricuspid valve decreased with the severity of the ven- 
tricular abnormality as assessed by a “tripartite” 
analysis of the right ventricular morphology. This 
scheme of classification would accommodate the 
abnormalities of this heart better than the previous 
system. The diminutive tricuspid valve orifice in this 
heart matched the severe right ventricular hypoplasia 
with absent trabecular portion. 


We thank Dr Ashley King for her help and Mr C 
Burton for the photography. 
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Mesothelioma of the atrioventricular node 
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Medicine, Tokyo, Japan 


SUMMARY А patient with Mobitz type 2 heart block caused by a mesothelioma of the atrioventricular 
node died of a subarachnoid haemorrhage at the age of 33 two years after implantation of a perma- 
nent pacemaker. Mesothelioma of the atrioventricular node is rare, and reported cases have all been 
diagnosed post mortem. Mesothelioma of the atrioventricular node should be considered in the 
differential diagnosis of heart block in children or young adults. This is the first case to be reported 


in Japan. 
Case report 


A 31 year old man was admitted to hospital because of 
poor appetite. On routine physical examination, a 
grade 2/6 systolic murmur was heard at the left sternal 
border. No cyanosis was noted. The liver was not 
palpable. Serum aspartate aminotransferase and 
alanine aminotransferase activities were 58 U/l and 29 
ОЛ respectively. A liver biopsy showed a cirrhotic 
pattern, and he was diagnosed as having alcoholic cir- 
rhosis. 

At night his heart rate fell to 30 beats/min, and an 
electrocardiogram showed 2:1 atrioventricular block 
with a narrow QRS complex (Fig. 1). His bundle elec- 
trograms were recorded using standard catheter tech- 
niques. The HV interval was normal (30 ms) and the 
AH interval prolonged (150 ms). The echocardiogram 
was normal. Four weeks later a permanent pacemaker 
was implanted. Exactly a year later he was readmitted 
to hospital because of sudden headache and vomiting. 
On examination his pulse was 72 beats/min and blood 
pressure 136/86 mm Hg. He was disorientated and 
there was no neck stiffness. No other neurological 
abnormalities were present. Computed tomography 
was performed immediately after admission and 
showed high density areas in the frontal lobe, lateral 
ventricles, and subarachnoid space. During the 
examination he had an episode of apnoea and became 
deeply comatose. A carotid angiogram showed an 
aneurysm of the left anterior cerebral artery, and sub- 
arachnoid haemorrhage due to a ruptured aneurysm 
was diagnosed. The patient underwent mechanical 
ventilation but died on the ninth day after admission. 
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NECROPSY FINDINGS 

The postmortem examination was performed only 16 
minutes after death and confirmed an extensive sub- 
arachnoid haemorrhage. A ruptured aneurysm of the 
left pericallosal artery was found. The brain weighed 
1:735 kg, which was compatible with so called 
“respirator brain.” The heart weighed 340 g; there 
was no abnormality in the epicardium, the endocar- 
dium, or the valves. The myocardium showed previ- 
ous and recent ischaemic changes with patchy 
fibrosis. The coronary arteries were moderately. 
atherosclerotic. The serial sections of the cardiac con- 
duction system showed a small ill defined tumour 
approximately 1 cm in diameter in the atrioventricular 
node. Histological sections of. the atrioventricular 
node area showed a benign tumour, a so called 
mesothelioma consisting of tubular and cyst like 
structures of varying sizes and fibrous stroma. The 
tubular and cyst like structures were lined by either 
single or multiple layers of cuboidal or squamous 
epithelial cells (Fig. 2). In the lumens and cysts there 
was amorphous eosinophilic material, which showed 
strongly positive results when tested with periodic 
acid Schiff staining and was weakly positive with 
alcian blue staining. In some areas the lining cells 
appeared to be stratified squamous epithelium, but 
there were no apparent intercellular bridges nor kera- 
tin material. In the fibrous stroma there were a few 
chronic inflammatory cells. There was a moderate 
degree of fibrosis in the sinoatrial node region. 


Discussion 
Cardiac tumours are rare, and mesothelioma of the 


atrioventricular node is a very uncommon cause of 
congenital heart block and sudden death. It has been 
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Mesothelioma of the atrioventricular node 




















recognised, however, as "the smallest tumour which 
causes sudden death."! Since Armstrong and 
Monckeberg described the first case of this type in 
1911 in a 5 year old boy,? about 50 cases have been 
reported.?^ 5 The ages of the patients range from eight 
months' gestation to 86 years with more females 
affected than males.*^* Our case is the first report of a 
mesothelioma of the atrioventricular node in Japan. 
Most reported cases have been in patients aged —40 
years at the time of death. The cause of sudden death 
is probably ventricular tachycardia or ventricular 
fibrillation. Permanent pacemaker implantation did 
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Fig. 1 Electrocardiogram 
showing second degree (2:1) 
atrioventricular block and a 
ventncular rate of 44 
beats/min. 


not prevent sudden death in some reported cases.?~ !! 

In the present case, a permanent pacemaker was 
implanted in the right ventricle, but the patient died 
of subarachnoid haemorrhage. Two similar cases in 
which the patient died of a cerebrovascular accident 
have been reported previously'?'*; nevertheless, the 
relation between cerebrovascular accident апа 
atrioventricular node mesothelioma is unknown. The 
Mobitz type 2 atrioventricular block may conceivably 
have been incidental in this case because moderate 
coronary atherosclerosis was found at necropsy. 
Causes of death, other than arrhythmias, have been 


Fig. 2 Histological appearance 
of a tumour consisting of cyst like 
and tubular formations lined by 
one or several layers of flat or 
cuboidal mesothelia like cells. In 
some cysts eosinophilic material is 
also present. (Haematoxylin and 
eosin, X 200 original 
magnification.) 
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identified only rarely in patients with this lesion!2~ 14 
and no cases have been diagnosed during life. 
Nevertheless, Bharati et a] suggested that it may be 
diagnosed clinically by selective coronary arteriogra- 
phy.!5 The blood supply of the atrioventricular node 
and common bundle is derived from the atrioventricu- 
lar nodal artery, which is a branch of the right coro- 
nary artery in nine out of 10 cases. Thus they con- 
sidered that the lesion could be diagnosed if findings 
indicating a tumour or an abnormality of the atrioven- 
tricular nodal artery were found. We agree with this 
opinion, but we do not consider that permanent 
pacemaker implantation is lifesaving because patients 
usually die of ventricular tachyarrhythmias. Ante- 

- mortem diagnosis is difficult; nevertheless, a 
mesothelioma of the atrioventricular node should be 
considered in the differential diagnosis of heart block 
in children or young adults. 
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Submaximal exercise testing early after myocardial 


infarction 


Sir, 
In the paper by Sullivan et al (1984; 52: 147-53), I was 
astonished to read that the ST segment elevation was 
the only exercise test variable predicting cardiac death 
in postmyocardial infarction patients. This phenome- 
non occurs with monotonous regularity in patients 
with even a minor degree of ST segment elevation in 
the resting 12 lead electrocardiogram soon after 
myocardial infarction.! To my mind, the only conclu- 
sion from this paper is that routine postinfarction 
stress testing need not be performed in the first place. 
The authors’ classification of infarcts as transmural 
and non-transmural on the basis of Q waves ascribes 
to the 12 lead electrocardiogram the accuracy which 
the latter simply does not have.? Their analysis of 
cardiac events for the two groups of infarcts showed 
no significant differences, for reasons that have long 
ago become obvious.? 


George Nikolic,. 
Woden Valley Hospital, 
Woden, 

Australia. 
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This letter was shown to the authors, who reply as 
follows: 

Sir, 

In his carefully argued criticism of our paper Dr 
Nikolic cites his own study! as evidence that ST seg- 


ment elevation on exercise occurs with “monotonous 
regularity” but it actually occurred in only 10% of 50 
patients. The finding had been predicted in nine of 
the 45 tests which were analysed and possibly also in 
some of those which were excluded because a definite 
end point was not reached. We were not told the sub- 
sequent clinical progress of these patients. 
Classification of patients. by presence or absence of 
Q waves is clearly a simplification, but significant dif- 
ferences between these groups have been described.” 
Since ST segment changes alone are highly associated 
with non-transmural damage? it seems reasonable to 
classify patients in this way when considering the 
significance of further changes induced by exercise. 
The possible prognostic significance of different 
abnormalities during postinfarction stress testing is 
still unknown and the place of this procedure in clini- 
cal management will only become clear as more series 
are published.? It would be most unusual if all studies 
on different patient populations produced’ identical 
results, and the answers will certainly remain 
unknown if no more studies are carried out. 


I D Sullivan, 

D W Davies, 
Edgar Sowton, 
Guy’s Hospital, 
London SE1 9RT. 
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Cardiac transplantation in the United Kingdom 


Sir, 
The report from the Council of the British Cardiac 
Society (1984; 52: 679-82) quotes the Stanford 
experience and gives the one and five year survival 
figures as 6396 and 39% respectively. Interestingly, 
these figures are virtually identical with the survival 
rates for a group of 169 patients with dilated car- 
diomyopathy (the principal indication for cardiac 
transplantation) who were treated medically at the 
Hammersmith Hospital. The one year and five year 
mortality rates of that group were reported to the Brit- 
ish Cardiac Society as 34-796 and 59-4% respectively. ! 
Council’s suggestion that cardiac transplantation 
prolongs life is, on this evidence, difficult to accept, 
particularly in view of the fact that on an “intention to 
treat" basis the surgical survival figures would be con- 


siderably worse—that is, because of the high early 
mortality in the sizeable group of clearly very sick 
patients who did not survive long enough to receive a 
transplant. 


David Wainwright Evans, 
Regional Cardiac Unit, 
Papworth Hospital, 
Cambridge CB3 8RE. 
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The presentation of symptomatic heart disease in 
infancy based on 10 years’ experience (1973-82) 


Sir, 

I was interested to read the paper by Scott et al (1984; 
52: 248-57) on the Brompton Hospital’s experience of 
the presentation of symptomatic heart disease in 
infancy. Although the authors recognise that the pre- 
valence rates are unreliable, they make repeated refer- 
ence to the New England Infant Program. The New 
England Infant Program is a comprehensive commun- 
ity study, the figures from which must be closer to the 
true prevalence than those from one centre in Lon- 
don. Further distortion of the figures quoted by the 
Brompton Hospital arises from the different case 
selection by the referring paediatrician, who will 
avoid sending infants to the Brompton if a major 
non-cardiorespiratory anomaly that may need active 


concurrent treatment is present. А 

I would also like to mention that repeated reference 
is made to the value of joint paediatric cardiology 
clinics and would like to endorse this statement. I 
learnt the value of these clinics from the late Dr 
Ronald Mackeith in 1969 and introduced them to the 
Brompton Hospital from 1965 onwards. 


Michael Joseph, 

Department of Paediatric Cardiology, 
Brompton Hospital, 

London SW3 6HP, 

and Guy's Hospital, 

London SEI 9RT. 





Notices 


European Society of Cardiology 

A meeting of the European Society of Cardiology 
(working group on valvular prosthesis) will be held on 
11 and 12 October 1985. The subject of this meeting 
will be “Quantification of valvular regurgitations: 
appraisal of new techniques." Inquiries about this 
meeting should be addressed to Professor R Kremer, 
Cliniques Universitaires de Mont-Godinne, B-5180 
Yvoir, Belgium. 


British Cardiac Society 

The Annual General Meeting for 1985 will take place 
in Birmingham on 17 and 18 April 1985, and the 
closing date for receipt of abstracts was 8 January 
1985. 

The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 
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Swann-Morton Surgical Blades | 
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pattern. as a result of so many years as a 
leading world supplier of scalpel 
blades. 


You can recognise a Swann-Morton 
scalpel blade by its initial sharpness 
and durability which is of a uniform  Swann-Morton blades are available in | 
maximum high standard. stainless or carbon 
Swann-Morton produce «амл: Morton steel in sterile 

all of the nine individual packs or 
universally accepted Swann-Morton Ltd., nOn-sterile in packs 


scalpel blade shapes Penn Works, Owlerton Green, 
Sheffleid, S6 2BJ, England. Tel: 0742 344231 
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THE LONDON HOSPITAL, WHITECHAPEL, LONDON 
In association with 
THE BRITISH CARDIAC SOCIETY 
JULY 10, 11, 12, 1985 


| JULY 10th - BEGINNERS DAY 


JULY (ith and 12th - LIVE DEMONSTRATION OF PTCA, LECTURES, 
DISCUSSION, FILM REVIEW. 
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FACULTY: Donald Baim, USA CONTACT: Course Secretary, 
Raphael Balcon, UK (PTCA Workshop), 
Geoffrey Hartzler, USA Cardiac Department, 
Stephen Oesterle, USA The London Hospital, 
Martin Rothman, UK Whitechapel, 
John Simpson, USA London, E1 IBB U.K. 


The British Cardiac Society have made available a number of Scholarships for Junior 


| Tel: 01-377 1442 | 
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Doctors, Nurses & Technicians. Information of application to course secretary. | 
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When a patient comes to you with 
apulled muscle, 
maybe you should recommend Flora. 


Perhaps the best time to start your patients thinking more 
seriously about their health is when they come to you with some 
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It is now widely accepted that changes in diet and lifestyle 
can dramatically decrease the risk of Coronary Heart Disease 
developing. 

Sothe best time to recommend Flora is before, not after, any 
symptoms of CHD present themselves. 

Flora is high in essential polyunsaturated fats (cis-cis 
linoleic), because it is made with pure sun- 
flower oil. FK. 

Whenever an opportunity arises to 
recommend ways in which your patients 
could reduce the CHD risk factors, 
recommend they change to Flora, too. 





Flora. High in essential polyunsaturates. 
V 
For further information, please contact: The Flora Project for Heart Disease Prevention, 25 North Row, London WIR 2BY. Telephone 014082332 
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A breakthrough in the 


treatment of congestive 
heart failure 


When added to a diuretic and, where appropriate, digitalis: 


e Offers dramatic relief e Long-term relief 
e Haemodynamics can return to normal 


ABRIDGED PRODUCT INFORMATION 

Full prescribing information is available and should be consulted 
before prescribing. 

USES | 

All grades of essential hypertension. 

Congestive heart failure. 

Renovascular hypertension. 

DOSAGE А | T 

Essential hypertension. The usual maintenance dosage is 20 mg once 
daily. Treatment may be initiated with 10 mg or 20 mg once daily 
dependent on degree of hypertension. For mild hypertension, 
recommended initial dosage is 10 mg once daily. For all other grades 
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Following oral administration. 'Innovace' is rapidly absorbed and 
hydrolysed to enalaprilat, a highly specific, long-acting, non-sulphydryl 
angiotensin converting enzyme inhibitor. 
CONTRA-INDICATIONS А -—1 
Pregnancy: assessment for possible pregnancy required if menstrual 
period is missed. Р 

Hypersensitivity. 

PRECAUTIONS Р 
Symptomatic hypotension rarely after initial dose. More likely 
following volume depletion caused by prolonged diuretic therapy, 
dietary salt restriction, dialysis, diarrhoea, or vomiting. Blood pressure 
may drop in some patients with congestive heart failure who have 
normal or low blood pressure. 

Impaired renal function: Patients with renal insufficiency may require 
reduced or less frequent doses of ‘Innovace’ and their renal function 
should be closely monitored. In the majority, renal function will not 


Renovascular hypertension: 'Innovace can be used when surgery is not 
indicated, or prior to surgery In some patients with bilateral renal artery 
stenosis or stenosis of the artery to a solitary kidney increases of blood 
urea and creatinine, reversible upon discontinuation of therapy, have 
been seen. This is especially likely in patients with renal insufficiency. 
"Innovace is dialysable. 

Because it is not known whether 'Innovace is excreted in human milk, 
caution required if given to nursing mothers. Has not been studied 
in children. 


DRUG INTERACTIONS 

Increased antihypertensive effect when combined with methyldopa, 
f-blockers, and diuretics. Add ganglionic- or adrenergic-blocking drugs 
with caution. Plasma potassium usually remains within normal limits. 
If 'Innovace' is given with a diuretic, diuretic-induced hypokalaemia 
may be ameliorated. 'Innovace' may elevate plasma potassium levels in 
patients with renal failure. Potassium supplements or potassium- 
sparing diuretics should be given with caution, particularly in patients 
with impaired renal function, since they may lead to significant 
increases in plasma potassium. Lithium levels may be increased. 
SIDE EFFECTS 

Generally well tolerated. Most side effects mild and transient, and 
have not required discontinuation of therapy. Most frequently: 
dizziness, headache, fatigue, asthenia. Others include hypotension, 
orthostatic hypotension, nausea, diarrhoea, muscle cramps, rash, 
cough, dysgeusia; and angioneurotic oedema. With minor and 
transient rises in blood urea or creatinine, dosage reduction and dis- 
continuation of ‘Innovace’ and/or the diuretic may be required. 
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Tablets 20 mg: calendar packs of 28 tablets, £13.10; bottles of 50 
tablets, £23.40. Tablets 10 mg: calendar packs of 28 tablets, £10.40; 
bottles of 50 tablets, £18.57. Tablets 5 mg: bottles of 50 tablets, £12.30. 


PRODUCT LICENCE NUMBERS Т 
Tablets, 5 mg, 0025/0194, Tablets, 10 mg, 0025/0195, Tablets, 20 mg, 





alter, or may improve. Some hypertensive patients, with 
no apparent pre-existing renal disease, have developed 

minor and usually transient increases in blood urea and 
creatinine when 'Innovace' given concurrently with a 


tinuation of the diuretic may be required. 






[MERCK 


diuretic. Dosage reduction of 'Innovace and/or discon- SHARPs 
DOHME 


0025/0196. 

Issued February 1985 
References 
1. Sharpe, D. N., et al, Circulation 70, 1984, 2, 271. 
2. Gomez, H. J., et aL, Journal of Hypertension (in press). 
3. Kjekshus, J. K., Scandinavian Journal of Urology and 
| Nephrology, 1984, Suppl. 79, p.115. 


TM denotes trademark 





Merck Sharp & Dohme Limited, Hoddesdon, Hertfordshire, EN11 9BU 


A1.85.GB.1183.J 


British Heart Journal May 1985 








Deti2 Diascope 1 Modura Rail Medicart 8000 series Diascope 2 
mulhpurpose defibrillator single channel The original Multipurpose trolleys designed the complete flexible twin channel monitor 
compact ECG momtor Danish Rail system especially for medical use monitoring system in 16 configurations 


Simonsen & Weel ...care 


With up to 12 patients monitored and recorded manually or autornatically over 
a wide range of parameters, an S & W central station can be made as simple or as 
comprehensive as your intensive care unit demands. Now capable of operating with 
some other manufacturers monitors as well as our own 8000 series, S & W central 
stations are designed with both patient and operator in mind. Another way of showing 
that Simonsen and Weel Care. 


Simonsen & Weel Ltd. Ruxley Corner, Sidcup, Kent DA14 5BL Tel:01-309 0433 Telex: 896328 
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Thrombosis and ischaemic heart disease 


T W MEADE 


From the MRC Epidemiology and Medical Care Unit, Northwick Park Hospital, Harrow, Middlesex 


Indexes of the abstracts for cardiology meetings usu-: 


ally show considerable preoccupation with the 
ischaemic myocardium and its electrical difficulties, 


some concern over atheroma, and very little interest. 


in thrombosis. In terms of pathogenesis and in many 
respects from the therapeutic standpoint as well, may 
this not Бе а case of putting the cart before the horse? 


Thrombosis in myocardial infarction and sudden 
death 


The overwhelming dominance of the lipid hypothesis 
for atheroma has obscured the compelling 
evidence—some of it of many years standing! but 
some that is more recent? 3—that both platelets and 
the coagulation system also contribute to the lesion. 
There is much epidemiological evidence*5 of some 
other process besides atherogenesis to account for the 
clinical manifestations of coronary artery disease. 
Surprisingly late in the day, and despite the use for 
many years of the term coronary thrombosis, it 
became generally accepted that recent thrombus is 
usually to be found in fatal myocardial infarction and 


that the first is the precipitating cause of the second. * 


*Recent" should include what may have happened 
within the preceding days$ as well as the preceding 
hours or minutes. Sudden death, though, is not a 
thrombotic event—or so we have been led to believe 
over the past 10 or 15 years. One of the reasons for 
this assertion has been the Seattle study, in which 
only 1696 of those resuscitated after sudden death 
showed classical signs of myocardial infarction subse- 
quently.” Nevertheless, two other studies, much less 


often cited, gave figures of 39908 and 44%.° It is. 


hardly surprising that those who have “died sud- 
denly" once should be at high risk of doing so again, 


an observation which probably tells us more about the | 


consequences than the causes of the initial event. It is, 
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of course, quite possible that the processes involved in 
a first major episode of ischaemic heart disease may 


. differ from those responsible for recurrences once 


conducting pathways or myocardium have been com- 
promised. Antithrombotic drugs will be of limited 
value (which does not mean they will be of no value) 
in these circumstances compared with those where an 
initial thrombosis or rethrombosis is the major 
hazard. Assertions that coronary thrombi are not 
found in sudden death are also the result of a rather 
oversimplified citation of published reports. Thus a 
study quite often said (not by its authors) to have 
shown no thrombi in sudden death actually estab- 
lished that they were present in about 30% of cases.!9 
In any case, an inability readily to detect a thrombus 
in sudden coronary death does not necessarily mean 
that thrombosis did not occur. The intense fibrinoly- 
tic activity of blood in sudden death (from a variety of 
causes) has been appreciated for many years so that 
recent thrombi leading to sudden death may not sub- 
sequently be easily identifiable at necropsy.!! Be that 
as it may, perhaps the most careful of the necropsy 
studies has shown intraluminal thrombi in 7496 of 
those in whom sudden cardiac ischaemic death occur- 
red compared with none of those dying suddenly from 
other causes.!? Corresponding figures for intraintimal 
thrombus were 2196 and 10-296. It may be a question 
of whether it is the blood supply to conducting tissue 
or to the myocardium that is mainly affected by the 
evolving thrombus that determines whether sudden 
death or myocardial infarction occurs. The theoretical 
desirability of forestalling plaque rupture or haemor- 
rhage as frequent causes of thrombosis is not yet 
matched by practical methods for doing so. Attention 
at this stage of pathogenesis therefore inevitably has to 
focus on modifying the thrombotic process itself. 


Modifying the thrombotic process 
Jf, then, there is a major thrombotic element in both 


myocardial infarction and sudden coronary death, 
how can it best be prevented? The Dutch Sixty-Plus 
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trial assessed the effects of discontinuing rather than 
initiating treatment with anticoagulants.!? None the 
less, with its striking results in favour of continuation 
this trial makes a re-evaluation of anticoagulants 
essential and reopens the question as to which part of 
the thrombotic  process—platelet activity ог 
coagulation—is mainly involved. So far as the secon- 
dary prevention of infarction is concerned, anti- 
coagulants may be more effective than aspirin not 
only in reducing the risk of death!4 15 but, in particu- 
lar, in forestalling thromboembolic events, including 
reinfarction, where benefits of 50% or over have been 
found.!3 1617 A possible explanation lies in the effects 
of anticoagulants on the production of thrombin, 
which is a potent platelet aggregating agent as well as 
being responsible for the production of fibrin. We do 
not yet have information about antithrombotic agents 
in primary prevention where, if both infarction and 
sudden death are indeed substantially thrombotic, 
their potential may be very considerable. If so, it is at 
least arguable—and only the appropriate trials will 
settle the point—that modifying the capacity for pro- 
ducing thrombin may be more effective in primary 
prevention than the use of aspirin, which will inhibit 
neither thrombin induced platelet aggregation nor the 
production of fibrin. What, on the other hand, should 
we make of the striking benefit apparently conferred 
by conventional dose aspirin on those with unstable 
апріпа?!8 May it be that the pathogenesis of infarction 
in unstable angina differs from that after a previous 
infarction, with platelet activity contributing predo- 
minantly in the former case and less in the latter? 
There is some evidence that may support this view. 19 
How, also, does the low dose aspirin hypothesis now 
stand in the light of the findings of the unstable angina 
trial? 


The haemostatic system 


To many, thrombosis seems a purely structural 
event—mere plumbing, perhaps, compared with 
what are seen as its more intriguing functional conse- 
quences for the conducting system and myocardium. 
This is to undervalue not only the clinical importance 
of thrombosis but also the scientific interest pro- 
vided by the study of the haemostatic system. The 
processes that lead to the production and removal of 
fibrin under both physiological and pathological cir- 
cumstances are among the most complex in the body. 
In his early account of the coagulation cascade Mac- 
farlane proposed that its intricate and self-amplifying 
nature is the result of the natural selection of increas- 
ingly efficient biological mechanisms for the sudden 
-conversion of fibrinogen to fibrin.?? The question is 
whether some stimuli (smoking or obesity, for exam- 
ple) may increase the risk of “haemostasis in the 
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wrong place,” to use Macfarlane’s shorthand descrip- 
tion of thrombosis.?'- Some argue that since clotting 
factors are mostly present in considerable excess any- 
way, high concentrations are unlikely to be involved 
in thrombogenesis. This argument is, however, surely 
only logical in terms of their physiological function— 
the control of bleeding. A minimum level of blood 
pressure is required to ensure an adequate circulation, 
but there is no dispute that raised levels have undesir- 
able consequences. Why, in principle, should the 
same not be true of some of the clotting factors? Three 
examples are worth considering in this light. 

Factor VII occupies a key position in the extrinsic 
system, and, on the cascade model, quite small 
increases in activity might be expected to have sub- 
stantial effects on the potential for thrombin produc- 
tion, particularly as the extrinsic system is, at best, 
poorly counterbalanced by antithrombin activity. It 
now seems increasingly likely that factor VII activity 
is an index of coagulability if not also a contributor to 
the degree of this coagulability.? The general 
epidemiology of factor VII activity is consistent with 
the hypothesis that high concentrations are of 
pathogenetic significance—for example, high con- 
centrations are found in oral contraceptive usage, 
after the menopause, in obesity, in diabetes, and with 
increasing age. Prospectively, high concentrations are 
associated with an increased risk of death from 
ischaemic heart disease.?? Nor does there have to be 
any continued polarisation between the lipid and 
thrombotic hypotheses for ischaemic heart disease so 
far as factor VII may be involved, since it is also likely 
that lipids are one of the determinants of factor VII 
activity.2? 

À second component, already referred to, is throm- 
bin. The presence of fibrin in arterial wall lesions? 
establishes that intravascular thrombin production 
occurs. The ability to detect and measure thrombin 
production is limited since its half life is so momen- 
tary. Practicable if indirect methods are, however, 
now available, including the radioimmunoassay of 
fibrinopeptide A, the initial cleavage product of the 
thrombin proteolysis of fibrinogen. The use of this 
assay is beginning to confirm and characterise the cru- 
cial role that thrombin may play in the pathogenesis of 
ischaemic heart disease. Thus, in vitro, an increase in 
factor VII activity is remarkably closely paralleled by 
an increase in fibrinopeptide A.24 

A third component of the coagulation system whose 
importance is now increasingly recognised is 
fibrinogen, which has effects other than its obvious 
involvement in the production of fibrin. It is a cofac- 
tor in platelet aggregation?5 26 and increases blood vis- 
cosity both in cellular and plasma terms and thus, 
very probably, the risk of coronary artery disease.27 
At p 483 in this issue Yarnell and his colleagues 
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describe the cross sectional associations between 
fibrinogen and other indices of ischaemic heart disease 
risk in their South Wales population. They point out 
that their results are compatible with the concept of a 
“hypercoagulable state" whose definition may be 
improved by the heparin-thrombin clotting time. In 
due course, prospective data will also be available 
from the South Wales group. In the three incidence 
studies that have so far been reported, high concentra- 
tions of fibrinogen have been associated with 
increased risks of ischaemic heart disease, strongly in 
two from the United Kingdom? 2# and convincingly 
though not as strongly as for cerebrovascular disease 
in a Swedish study.?? Just how striking this associa- 
tion may be is indicated by the distinct possibility that 
the fibrinogen concentration has the edge over age? 
in multivariate analyses of the risk of ischaemic heart 
disease. In view of the several effects that high 
fibrinogen concentrations may exert, it remains a 
question of perhaps secondary importance as to 
whether these concentrations are simply a marker of 
underlying vessel wall damage or the result of genetic 
and environmental influences. The development and 
evaluation of acceptable agents for lowering plasma 
fibrinogen concentrations are now of considerable 
importance. Stanozolol is an example, though since it 
is an anabolic steroid its widespread use is unlikely. 

Perhaps because of its particular complexity, the 
haemostatic system has tempted many to try to work 
out its contribution to ischaemic heart disease by 
theory rather than fact. Nowhere has this recently 
been more apparent than in the low dose aspirin 
hypothesis for differentially modifying thromboxane 
and prostacyclin production. The studies that have 
been undertaken have in general only extended the 
hypothesis—they have not convincingly confirmed or 
refuted it. Not only is the “right” dose still undefined 
but the relevance of thromboxane and prostacyclin to 
the vessel wall under other than exceptional circum- 
stances is being questioned. But no one knows for 
certain. The thrombogenic effects of changes in fatty 
acid intake and metabolism currently run the risk of 
being decided more on theoretical than experimental 
grounds, though it is not too late to forestall this. The 
crucial evidence, usually, will be what happens in 
man under conditions that are not grossly artificial. As 
often as not, this means randomised controlled trials. 
The fact that these may be long and often difficult is a 
poor argument against doing them. 


Conclusions 
If there were no atheroma there would be virtually no 


ischaemic heart disease. To the extent that the pre- 
“vention of clinical ischaemic heart disease in 


developed, and developing, communities can realisti- 
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cally be attempted through the prevention or regres- 
sion of atheroma, further work in this field may be 
justified. The effects of coronary occlusion on electri- 
cal and myocardial function vary from patient to 
patient, so for this and many other reasons the study 
of the functional consequences of thrombosis in both 
pathophysiological and clinical terms must continue. 
Clearly, appreciating and understanding thrombo- 
genesis is not the whole story. At the same time, there 
is now a robust hypothesis that thrombogenesis does 
play a central part in ischaemic heart disease not only 
as one of the acute or subacute complications of 
atheroma but also, much more chronically, in the ini- 
tial development of the atheromatous lesion. It is 
quite conceivable that the significance of thrombosis 
as an initiating or aggravating process differs between 
first and recurrent episodes and that the relative con- 
tributions of platelets and fibrin formation vary from 
one set of circumstances to another. These pos- 
sibilities and the hints that suggest them are surely 
additional reasons for not side stepping an issue 
which, controversial and complex though it may be, 
needs to be clarified in the interests of both the pre- 
vention and management of ischaemic heart disease. 
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Provision of services for the diagnosis and treatment of 
heart disease in England and Wales 


Third Report of a Joint Cardiology Committee 


ROYAL COLLEGE OF PHYSICIANS OF LONDON AND THE ROYAL COLLEGE OF SURGEONS 
OF ENGLAND 


SUMMARY The principal conclusions of the report are as follows. (1) Cardiology continues to change 
rapidly. In the five years since the issue of the Second Report of the Joint Cardiology Committee in 1980 
the specialty has been affected principally by the increase in coronary artery surgery and the 
increasing importance of non-invasive techniques of diagnosis, particularly echocardiography. (2) 
The burden of heart disease in Britain shows some decline recently, but this falls short of that which 
. has occurred in other countries. The vital role of the initial assessment of patients to ensure the 
efficient use of limited resources falls upon physicians and paediatricians in district general hospi- 
tals. (3) Each district general hospital should have at least one physician, practising general medicine 
but having a special expertise and training in cardiology. He should undertake echocardiography, 
stress testing, ambulatory monitoring, emergency pacing, rehabilitation, and cardiac intensive care, 
with the necessary facilities and staff. He will also play an important part in the follow up of patients 
assessed and treated at cardiac centres. (4) Paediatricians should continue to evaluate children with 
heart disease and their training should include periods at cardiac centres. (5) Cardiac centres 
currently undertaking invasive investigations and cardiac surgery need to expand to cope with 
demand. A target figure of 750-1000 coronary artery bypass operations annually is suggested. This 
implies three or four surgeons and six cardiologists per centre. Other staffing should be based on 
these figures. Smaller centres are not necessarily non-viable but should be encouraged to expand or 
merge. (6) Funding should be clarified so that regional contributions to regional services are 
identified and not lost in district budgets. Expensive capital equipment should be regionally funded 
whether sited in cardiac centres or district general hospitals. (7) Supraregional centres for the cardiac 
problems of infants under the age of one year have been identified and should receive supraregional 
funding. Their staffing and equipment should be appropriate to the exceptional demands of this 
work. If such a centre is sited within an existing cardiac centre the staff will be additional to those 
needed for the adult work. Facilities for older children should continue to be provided, as at present, 
at all cardiac centres. (8) Cardiac transplantation should be funded supraregionally. (9) The medical 
audit of cardiac work should be supported by the Department of Health and Social Security 
(DHSS). (10) Research remains a high priority, and cardiac centres should be provided with the 
facilities, and staff with the contracts and time, to undertake it. (11) A revision of this report is 
recommended within five years. 


The Second Report of a Joint Cardiology Committee of College of Surgeons of England, published in 1980,! 
the Royal College of Physicians of London and the Royal extended and updated the original report of 1968, 12 
T à : Rie ere ve -— years earlier. Їп recommending a further review 

equests for reprints to the Committee Secretary, Ко ege of within the much shorter period of five years, the 
Physicians, 11 St Andrews Place, Regents Park, London NW1 4LE. committee of 1980 recognised not only the continuing 
Accepted for publication 5 February 1985 change in the specialty of medical and surgical car- 
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diology but also the likelihood that the pace of such 
change would accelerate. Events have borne out this 
prediction. For example, echocardiography, both in 
paediatric and adult heart disease, has made huge 
strides, and the surgery of complex congenital cardiac 
defects has grown more adventurous. Overshadowing 
everything, the number of patients being referred for 
the acknowledged benefits which coronary artery 
bypass grafting can confer both on symptoms, and 
prognosis for certain groups, now constitutes a major 
logistical problem.? 

The past five years have also seen the advent of 
coronary angioplasty and intracoronary thrombolysis, 
with demands on resources and staff as yet undefined. 
Exercise testing has assumed new dimensions, 
rehabilitation programmes after infarction have 
become established, and prehospital coronary care has 
proved its value. Further off, but approaching, are 
advanced techniques, the impact of which have yet to 
be felt, such as nuclear magnetic resonance, laser 
technology, computerised cardiac tomography, and 
the prenatal diagnosis and treatment of some congeni- 
tal lesions. 

Since the Second Report there has been a marked 
reorientation in the concept of providing cardiac ser- 
vices for the population. This has occurred mainly 
because of the rapid development and proven value of 
non-invasive diagnostic methods. The principle is 
established, and widely accepted, that these techni- 
ques should be used in initial acceptance and there- 
fore should be available at all district general hospi- 
tals, where there should be a physician with special 
interest and training in these aspects of cardiology. At 
the same time, because of the success of coronary 
artery surgery, a large increase has occurred in the 
work referred to cardiac centres. So far, financial 
restraints have prevented adequate expansion of 
either staff or resources, a situation already deplored 
in the 1980 report, and the senior registrar bottleneck 
in medical cardiology, though showing some 
improvement, is still a matter for grave concern.? The 
committee notes, however, that the proposals for sup- 
raregional centres, rationalising the provision of car- 
diac services for infants, advocated in the Second 
Report, and supported since,* are coming to fruition. 

The necessity for a third report speaks for itself. 


Terminology 


A cardiologist is a physician who has received formal 
training in cardiology, spends the major part of his 
time practising the specialty, but may also have 
responsibilities in general medicine.? He may work in 
a district general hospital or in a cardiac centre where 
invasive investigations and cardiac surgery are carried 
out.} 
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In practice, there is a spectrum of roles within car- 
diology. Some cardiologists working primarily in a 
cardiac centre will have a limited commitment in gen- 
eral medicine, while others at district general hospi- 
tals may spend part of their time in a cardiac centre. 


The burden of heart disease 


Cardiovascular diseases are by far the most important 
causes of death, particularly premature death, in Bri- 
tain. Data from the Office of Population Censuses and 
Surveys show that coronary heart disease is the 
dominant cause of death in men after the age of 40.5 
In 1978 it accounted for about 40% of all deaths in 
men aged between 35 and 64 years. While 
certification of death may not be accurate, the results 
of a large scale necropsy study in the United States 
suggest that conclusions based on clinical data do not 
markedly overestimate the toll; in Rochester, Min- 
nesota, 40% of all deaths іп men over a 10 year period 
were attributed to coronary disease." In women, the 
mortality in each age bracket corresponds approxi- 
mately to that of men 10 years younger. In the United 
States, Canada, Australia, and Finland, deaths from 
this cause have fallen and there is some suggestion 
that a similar trend may be starting in Britain.’ 9 If 
this improvement has resulted from primary preven- 
tative measures, and this remains to be shown, we in 
Britain can draw small comfort; and prevention, even 
if successful, cannot be expected to bear early fruit. 

The morbidity of coronary heart disease is consid- 
erable. The prevalence of angina has been reported as 
4-8% in men aged between 40 and 64 years,!°-}2 a 
probable underestimate of the true figure in the com- 
munity since these data were obtained by question- 
naire from those still at work. Heart failure, the other 
principal manifestation, is common. In one study it 
occurred in 23% of those surviving for one month 
after myocardial infarction.!? The economic consequ- 
ences are serious. The number of work days lost 
because of coronary heart disease rose between 1969 
and 1975; in contrast, in all other conditions it fell. 
The disease now accounts for over 8% of all certified 
incapacity in men.!^ A sizeable proportion of hospital 
resources are committed to its treatment: the most 
recent report of the Hospital Inpatient Enquiry esti- 
mated that it accounted for nearly 150 000 admissions 
to hospital each year and for the occupancy of 7500 
beds at any one time. 

Other forms of heart disease remain important 
causes of death and disability. Though rheumatic 
heart disease is seen less often, degenerative mitral 
lesions seem commoner, and calcific aortic valve dis- 
ease appears as frequently as in the past. Overall, the 
number of those requiring valve replacement has 
remained static. 
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Idiopathic conducting system disease, presenting as 
bradycardia, syncope, or sudden death, is a continu- 
ing problem and one probably insufficiently recog- 
nised as a cause of otherwise unexplained confusion, 
dizziness, fits, faints, and trauma, especially in the 
elderly,'5 as experience with ambulatory monitoring 
has shown. It is likely that only a minority of those 
who could benefit receive pacemaker implantation, 
and the figure for those so treated per million of popu- 
lation in Britain lags behind those in other European 
countries. !* 

The incidence of congenital heart disease remains at 
eight in every 1000 liveborn children and another one 
or more per thousand will have a congenitally deter- 
mined arrhythmia. While surgery has transformed the 
management of тапу of these abnormalities, its very 
success has created new and particular diagnostic and 
therapeutic needs, and these are discussed in more 
detail below. 

Similarly, the reduction in hypertensive heart dis- 
ease which modern drug treatment has achieved has 
been purchased at the cost of a sizeable investment in 
specialist supervision. 


Requirements for a cardiac department in a district 
general hospital 


Widening appreciation both on the part of doctors 
and the public of the advances in medical and surgical 
treatment outlined above has led to increasing 
demands in the past five years for specialist services to 
identify those patients likely to benefit, and the task of 
selection falls first on the district general hospital. It is 
in this area of the cardiac services where the most 
serious deficiencies exist and will intensify if current 
trends continue. À recent survey has shown that, of 
215 health districts in England and Wales, only 152 
had a member of staff with special expertise in car- 
diology,? though since then the number has increased 
slightly. This leaves 12 million of the population 
without a cardiologist or physician with cardiological 
training in their own district. Yet with resources at 
cardiac centres limited, the skilled selection of 
patients locally is vital. It is, furthermore, with new 
non-invasive methods of diagnosis now a task trans- 
formed. To function effectively the committee con- 
siders that every district general hospital should have 
at least one physician with cardiovascular training on 
its staff, who, by the nature of his appointment, will 
also undertake general medicine. Some will have ses- 
sions in the cardiac centre. There are other arguments 
in favour of improving and extending the cardiac ser- 
vices available in district general hospitals—the need 
for patients to be treated whenever possible close to 
their homes, the relief from the burden of travel for 
follow up visits, and the raising of clinical 
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standards—but the overriding argument is for the 
economic use of the high cost special resources of the 
cardiac centres engaging in cardiac investigation and 
surgery. Some health districts have accepted the need 
and pioneered the way; others have done nothing. 
The manpower to staff district hospitals already exists 
in the current cohort of well trained senior registrars 
in cardiovascular medicine currently frustrated from 
advancing to consultant rank by scarcity of posts. The 
cost of the extra equipment required, much of it in 
any case already available,’ is not prohibitive. 


STAFFING 

The committee recommends, therefore, that each dis- 
trict general hospital should have at least one physi- 
cian with special training in cardiology; larger hospi- 
tals might have two. Supporting staff should include 
at least one registrar, who will probably be in a rotat- 
ing post and not committed to cardiology as a career. 


CARDIAC CARE UNIT 

А cardiac care unit should be available in all district 
general hospitals as well as in cardiac centres. The 
narrow designation of “coronary care units" should 
be abandoned as these units will admit patients with 
many different pathologies for monitoring and treat- 
ment. The cardiovascular physician should be in 
administrative charge, but some physician colleagues 
will wish to manage their own patients, accepting 
expert help for special procedures such as pacemaker 
insertion. А unit should contain six or more beds, 
depending on local circumstances, with a procedures 
room and the facilities for the implantation of tempor- 
ary pacemaker wires. Immediate on site access to 
image intensification is essential. А unit should be 
adjacent to but not integrated into an acute medical 
ward. Close proximity to a general intensive care unit 
is an alternative arrangement which may be conve- 
nient for equipment and staff, but cardiac patients 
should not be nursed in company with those admitted 
to such units. Many district general hospitals already 
have cardiac care units run on these lines. 


OTHER FACILITIES 

District general hospitals, in addition to routine elec- 
trocardiography, should have facilities for exercise 
testing and for ambulatory monitoring. Echocardiog- 
raphy will be needed. Nuclear cardiology, if available, 
will increase the diagnostic and research potential. 
The implantation of permanent pacemakers will usu- 
ally be undertaken at the nearest cardiac centre but 
may also be carried out in the district general hospital 
if the physician concerned has the interest and exper- 
tise. Pacemaker follow up clinics, however, should be 
available in every hospital of this kind. Rehabilitation 
programmes should be undertaken. All these tasks 
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imply an adequate establishment of properly trained 
technical staff. 


Cardiac centres 


SIZE 

The role and siting of the existing centres which 
undertake specialist investigation and cardiac surgery 
were defined in the Second Report and require no 
restatement. The Second Report also emphasised the 
importance of size, however, and this aspect merits 
reassessment. The potential of a centre is usually 
limited by its surgical throughput, and this in turn 
determines the population which can be served, once 
the number of patients likely to need surgery is 
known. Facilities for cardiac catheterisation rarely 
limit the output of a centre. The present estimates for 
coronary artery disease are that 400—500 coronary 
artery bypass operations or angioplasties per million 
of the population will be needed per year.? The pre- 
cise role of angioplasty has yet to be defined but 
appears to be increasing. In addition, it is estimated 
that 100 per million require valve surgery and 40 per 
million paediatric surgery. At the same time, staff and 
facilities bave to be economically employed to achieve 
maximum output with maximum efficiency. In 1980 
the recommendation was that, with at least three 
surgeons in every unit, 600 bypass operations should 
be performed annually, since surgeons undertaking 
less than 200 operations a year often had results with 
higher than average mortalities. In indicating this 
figure, however, the committee of the time recognised 
that some centres nevertheless achieved good results 
with lower numbers and, while urging such centres to 
expand or merge, did not wish to insist on over-rigid 
guidelines. This remains its position, but in the past 
five years most cardiac centres have carried out 
increasing numbers of operations, much of the 
increase being coronary artery bypass procedures, 
though valve surgery still accounts for a significant 
proportion of the total. Thus, given the prediction 
that 400-500 bypass operations per million of the 
population are currently necessary annually for the 
relief of intractable angina and in response to the 
accepted prognostic indications, the committee now 
recommends a target for each centre of 750-1000 
operations a year. 


STAFFING 

It follows from the previous paragraph that each 
centre should be staffed by three, and preferably four, 
consultant cardiac surgeons. The Second Report 
emphasised the need to allow for the demands of 
emergency work, leave, sickness, teaching, and 
research, as well as for clinical duties. In some 
centres, in which thoracic surgery is also undertaken 
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by surgeons primarily involved in cardiac work, an 
additional surgeon may be necessary. The role of car- 
diologists has altered to some extent since the previ- 
ous report, with a greater emphasis on coronary 
arteriography and, increasingly, on invasive interven- 
tions such as angioplasty, balanced by an expansion of 
non-invasive investigations such as echocardiography. 
Subspecialisation in such fields as electrophysiology, 
pacing, and nuclear cardiology continues. The com- 
mittee repeats its earlier recommendation that the 
equivalent of six whole time consultant cardiologists is 
desirable, the exact number depending on the degree 
of involvement of radiologists in invasive techniques. 

The committee remains acutely aware of the 
conflict of interests inherent in providing both ап. 
adequate career structure for junior staff (especially 
senior registrars and university lecturers with senior 
registrar contracts) and a satisfactory service to 
patients. The problem is intensified in cardiology, 
with its time consuming and unpredictable emergency 
work as well as the high value it sets on research. 
Nevertheless, both the surgical and medical sides of a 
cardiac centre must be supported by at least one 
senior registrar. Junior staff, medical and surgical, 
will be completed by an appropriate number of regis- 
trars and senior house officers, many of whom will be 
undergoing general professional training on rotation 
schemes, which prevents exact figures being specified. 
As at present, attachment of trainees from overseas 
should be encouraged. In addition to these, further 
consultant and junior staff will be needed in centres 
which also undertake a significant quantity of 
paediatric, and in particular infant, cardiology (see 
below). : 

The committee does not, on this occasion, outline 
the demands made by such a centre on other special- 
ties, such as anaesthetics, radiology, or pathology, or 
on nursing and technical services, believing that these 
can only be decided by local circumstances based 
upon the framework of cardiological and surgical 
staffing given above. It reiterates, however, the fact 
that the burden on these services is very heavy and 
that staffing must be sufficient to provide 24 hour 
cover. 


Funding for cardiology and cardiac surgery 


DISTRICT AND REGIONAL FUNDING 

The running costs of cardiology and cardiac surgery 
are met through the district health authorities in 
which the units are situated, except in the case of the 
London postgraduate teaching hospitals, which are 
managed by special authorities and funded directly by 
the DHSS. Though detailed policies for revenue 
funding among regional health authorities vary, car- 
diology in district general hospitals is usually con- 
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sidered part of the overall district financial responsi- 
bility, whereas a cardiac centre which undertakes 
invasive investigation and cardiac surgery will usually 
be considered a regional service. Districts containing 
such units will receive regional funds in recognition of 
this role. Unfortunately, the amount a regional 
authority allocates for this purpose is often concealed, 
leading to unnecessary and wasteful controversy. Reg- 
ional services must not be placed in competition with 
- district specialties at a local level. Allocations to dis- 
tricts must be identified, and protected, thus enabling 
all parties to act responsibly. Where a district general 


hospital undertakes work normally done in a regional | 


cardiac centre (for example, permanent cardiac pac- 
ing), this should attract regional funds. Similarly, reg- 
ional funding should be available for expensive capital 
equipment wherever it is sited. Competition with the 
funding of district services is unacceptable. 


SUPRAREGIONAL FUNDING 

Infant cardiac surgery, and its associated cardiological 
service (see below), and cardiac transplantation are 
carried out in only a few centres in the country and as 
such should be funded supraregionally. 


Research 


In the rapidly expanding field of cardiology, advances 
can only be made against a background of research 
activity. Some research will be purely clinical, involv- 
ing for instance the documentation of surgical results, 
the natural history of disease, or haemodynamic 
studies. For these, computer facilities for data storage 
and retrieval are necessary. Much research, however, 
will be basic experimental work which is of vital 
importance, and facilities for laboratory and animal 
work will be needed. Each unit should undertake a 
programme of research, the nature of which will 
depend on local circumstances. Contracts for consul- 
tant staff should, where appropriate, include research 
sessions. 


Monitoring of results of cardiac investigation and 
surgical operations 


In its previous report, the committee recomended 
annual reviews of the results of cardiac investigation 
and surgical operations. In recent years, valuable 
information has been collected by, for example, the 
Society of Thoracic and Cardiovascular Surgeons, 
which now has complete data on all cardiac surgical 
operations in the United Kingdom and Northern Ire- 
land since 1977,2 and the British Pacing Group. The 
reviews of cardiac facilities and staffing by the British 
Cardiac Society and the Royal College of Physicians? 
have been of great importance. The Committee con- 


481 


siders that the organisation of similar surveys should 
be undertaken in other areas, particularly those 
related to the introduction of new and potentially 
hazardous techniques. Angioplasty and intracoronary 
thrombolysis would be good examples. The DHSS 
should be requested to give active support, as it has to 
the British Pacing Group, in the creation of such 
registers. 


Paediatric cardiology and cardiac surgery 


In children, cardiological and cardiac surgical needs 
are best separated into those of infants (under 1 year), 
many of whom are seriously ill or emergencies, and 
those of older children. The special requirements of 
the former were recognised in the Second Report, 
which urged the establishment of supraregional 
centres to deal with the predictable demands in this 
field. The recommendation has received support 
elsewhere,* and a working party of the Joint Consul- 
tants Committee recently formalised this proposal by 
naming suitable centres for England and Wales. 

The DHSS has recently endorsed the establishment 
of nine such centres to be funded supraregionally 
(Birmingham, Bristol, the Brompton, Great Ormond 
Street, Guy's, Leeds, Liverpool, Newcastle, and 
Southampton) The committee welcomes this 
development but stresses that as nine centres are an 
absolute maximum, given the calculations made in the 
Second Report, no consideration should be given to 
the establishment of further such centres unless there 
is a considerable increase in workload which, at pres- 
ent, seems highly unlikely. 

Such supraregional centres will, of course, also 
undertake the care of older children with heart dis- 
ease, but the committee considers it important that 
these patients should continue, as at present, to be 
cared for at all cardiac centres, not just at those which 
house a supraregional service. 

General paediatricians have a vital role, being the 
first to evaluate virtually all infants and children with 
heart disease. Paediatric cardiologists, therefore, must 
maintain the closest liaison with them, both clinically 
and in an educational capacity. Senior registrars in 
paediatrics should be given experience of infant car- 
diology in a supraregional centre and of general 
paediatric cardiology either there or in a regional car- 
diac centre. Particular attention should be paid to the 
dissemination of expertise in cross sectional echocar- 
diography, both to paediatricians in training and 
those already established, since this should lead to 
earlier and more accurate diagnosis and referral. The 
physician in the district general hospital, with his 
expertise in echocardiography, could have a useful 
close liaison with the paediatricians in his hospital. In 
the cardiac centres, contact and collaboration with 
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other paediatric specialties are essential. 

The equipment of cardiac regional and suprareg- 
ional centres must enable them to provide a service 
free from interruption caused by breakdowns and 
repairs, and here the importance of each centre having 
two fully equipped catheterisation laboratories can 
hardly by overstated. The staff of a supraregional 
centre must include a minimum of two surgeons to 
maintain 24 hour, year round cover. In some centres 
they may also undertake adult work. The number of 
paediatric cardiologists may vary from two to four, 
depending on the unit's size; all would normally have 
general paediatric expertise. Senior registrars in car- 
diology and cardiac surgery should rotate through 
these centres, and there will be a number of posts for 
those wishing to specialise in paediatric work. When a 
supraregional centre is part of a regional cardiac 
centre, these staff will be extra to those required for 
adult work, but in the other cardiac centres the care of 
older children will be undertaken by members of staff 
with paediatric training who may, for reasons of 
numbers, also combine this with adult cardiology. 


Future review 


As with the Second Report, the committee anticipates 
that revision of the third will be necessary within the 
next five years because of developments in cardiology 
and cardiac surgery. 
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Haemostatic factors and ischaemic heart disease 


The Caerphilly study 
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SUMMARY In a preliminary report from the Caerphilly study four haemostatic factors showed uni- 
variate associations with prevalent ischaemic heart disease after adjusting for age. These factors were 
fibrinogen concentration, plasma viscosity, white cell count, and the heparin-thrombin clotting 
time. Age and these haemostatic:variables were entered into a stepwise multiple logistic regression 
analysis; after age the white cell count and heparin-thrombin clotting time remained significantly 
associated with ischaemic heart disease. Further regression analyses indicated that diastolic blood 
pressure contributed additionally to this association with ischaemic heart disease but that smoking 


habit did not. 


Epidemiological studies have indicated that existing 
risk factors such as plasma cholesterol concentration, 
smoking habit, and hypertension predict only a mod- 
est proportion of new cases of ischaemic heart dis- 
ease.! Data on possible haemostatic mechanisms in 
the pathogenesis of ischaemic heart disease are scarce, 
but two prospective studies have indicated that 
haemostatic factors may be independently predictive 
of ischaemic heart disease and stroke respectively.? 3 
A recent postmortem case series of subjects with 
ischaemic heart disease who had died within six hours. 
after the onset of chest pain found coronary thrombi 
present in 74% of cases. No intraluminal thrombi 
were found in age matched controls. 

These reports provide evidence that haemostatic 
factors may be implicated in the pathogenesis of 
ischaemic heart disease. Several such factors are being 
investigated in the Caerphilly prospective study. Pre- 
liminary data are available for cases of ischaemic heart 
disease defined cross sectionally by the use of a stan- 
dardised questionnaire’ and a 12 lead electrocardio- 
gram. These data form the basis of the present report. 


Requests for reprints to Dr J W G Yarnell, MRC Epidemiology Unit, 
4 Richmond Road, Cardiff CF2 3AS. 


Accepted for publication 8 January 1984 


Subjects and methods 


STUDY POPULATION 


‘A random sample of men was drawn from the elec- 


toral registers for the town of Caerphilly, Mid 
Glamorgan, and two outlying villages (population 
38 000). All men were sent an initial letter but were 
considered to be eligible only if born between, or in, 
1911 and 1949—that is, were aged between 30 and 69 
at the time of the survey. A total of 797 men came into 
this category and were invited to attend a local clinic. 
They were seen from September 1979 to September 
1980. 


SURVEY METHODS 

Detailed medical questionnaires, which included the 
London School of Hygiene questionnaire on 
ischaemic heart disease, were administered at an 
evening clinic; anthropometry® and 12 lead elec- 
trocardiography were carried out. Casual blood pres- 
sures were measured by a single observer using a 
Hawksley random zero sphygmomanometer.? Elec- 
trocardiographic tracings were coded independently 
by two experienced observers according to the Min- 
nesota convention.5 Subjects were classified as having 
ischaemic heart disease if any of the following criteria 
were satisfied: a definite history of myocardial infarc- 
tion (chest pain defined by the London School of 
Hygiene questionnaire with hospital admission in 
excess of five days plus doctor's diagnosis); angina 
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Table 1 Number (96) of men with or without ischaemic 
heart disease (THD), according to age 


Age (years) Total 
30-44 45-54 55—69 
No IHD 297 (90 141 (78) 143 (71) 581 (82) 
Any IHD 33 (10) 39 (229 58 (29)  130(18) 


(defined by the same questionnaire); Q, ST, or T 
wave changes or left bundle branch block (Minnesota 
codes 1.1-1.3, 4.14.4, 5.1-5.3, or 7.1) on the 
electrocardiogram. 

Each man was invited to attend an early morning 
clinic, where a single venous blood sample was taken 
with minimum stasis after a minimum fast of eight 
(mean 12) hours. Aliquots were placed in two tubes 
containing sodium citrate (3-896) and one containing 
edetic acid. Plasma was separated, usually within one 
hour after collection. 


LABORATORY METHODS 

Fibrinogen concentration was estimated by two 
methods; a nephelometric determination after heat 
precipitation in buffered saline (Fibrinogen №? and a 
clotting assay (Fibrinogen C).? Plasma viscosity was 
estimated on plasma in edetic acid by the method of 
Harkness.!? The heparin neutralising activity of 
platelet poor plasma was measured using the heparin- 
thrombin clotting time.!! A test of dilute thrombin 
clotting time!! was also carried out and was used in 
part to screen out samples that may have been affected 
by partial clotting. A value of 225 s for the dilute 
thrombin clotting time was used. Subjects with values 
above or equal to this had a mean heparin-thrombin 
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clotting time of 82 s, whereas subjects with a throm- 
bin time of <25 s had a mean heparin-thrombin clot- 
ting time of 31 s. Samples from six subjects, two of 
whom had some evidence of ischaemic heart disease 
and four of whom did not, were excluded on these 
grounds. Antithrombin ITI concentrations were esti- 
mated using a chromogenic assay (antithrombin III 
C)!2 and also immunologically (antithrombin III I).!? 

A full blood count, which included a white cell and 
platelet count, was done using a Coulter model S-plus 
cell counter in whole blood anticoagulated with edetic 
acid. Cell counts were carried out within four to 10 
(mean six) hours after venepuncture and the 
nephelometric fibrinogen and plasma viscosity usually 
within 12 hours after collection. The assays on platelet 
poor plasma (the heparin-thrombin clotting time, 
thrombin time, and clottable fibrinogen) were carried 
out after a standard delay overnight of 28 to 32 hours. 
In hot or warm weather conditions a frozen cooler 
pack was placed inside the container. Antithrombin 
YII assays were carried out in large batches on platelet 
poor citrated plasma frozen at —20°C and stored for 
up to three months. 

А 596 sample of duplicate samples was presented 
“blind” to each laboratory during the course of the 
study. The coefficients of variation of the duplicate 
pairs for fibrinogen N and fibrinogen C concentra- 
tions, viscosity, white cell count, heparin-thrombin 
clotting time, platelet count, and antithrombin III C 
and antithrombin III I concentrations were 7%, 11%, 
296, 396, 24%, 7%, 11%, and 1096, respectively. А 
second blood sample was taken from a small group of 
men (п=8—12) some four to 12 weeks after the initial 
sample. Coefficients of variation for these pairs of 
results for fibrinogen N and fibrinogen C concentra- 
tions, viscosity, white cell count, and heparin- 


Table2 Mean (SD) values of haemostatic variables in subjects with or without any evidence of ischaemic heart disease 








(IHD) 
Variable Age (years) No IHD Any IHD 
No of subjects Mean (SD) No of subjects Mean (SD) 
<45 286 32 (0-7) 33 3-6 (0-8) 
Fibrinogen N (g/l) { 45-54 134 3-6 (0-8) 37 3-9 (0-8) 
55-69 141 3-8 (1-0) 57 4-1 (0-8) 
<45 279 710-4 29 77 (1-5) 
Fibrinogen C (100/5) { 45—54 130 7:5 (1-5) 33 7-8 (1-8) 
55-69 138 80 (1-5) 56 8-5 (1.7) 
<45 286 1-68 (0-09) 33 1-70 (0-10) 
Viscosity (cP) { 45-54 132 1-71 (0-09) 38 1:76 (0-14) 
5 B Е oL Ш 
. | A <45 275 2920 -6 (12— 
Hepatin-thrombin clotting time* { 45-54 128 ! 30-0 eh 33 272 (11-69) 
(log з) 55-69 138 28-9 (14-61) 55 24-7 (12-49) 
<45 287 7-0 (41-120) 33 7-6 (42-138) 
White cell count* (log 105/0) { 45-54 135 74 (41-12-1) 38 7-5 (42-136) 
55-69 142 7-0 (4-4-11-3) 57 8-1 (446-143) 


— Ma _—————— 


Fibrinogen N, nephelometric; fibrinogen C, clottable. 
*For log 


transformed variables the mean is the antilog of the mean value on the log scale. Range values given are the antilogs of mean —2SD and 


mean +2SD on the log scale—that is, the range within which 95% of the values lie. 
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Table 3 Correlation matrix for haemostatic variables and age 

Fibrinogen N Fibrinogen C* Viscosity Heparin-thrombin White cell count} 

clotting timet 

Age 0-34 0-30 0-24 —0-08 —0-06 
Fibrinogen N 0-62 0-60 -043 041 
Fibrinogen C* 0-47 —0-66 0-31 
Viscosity -033 0-25 
Heparin-thrombin clotting timet —034 


Fibrinogen: N, nephelometric; C, clottable. 
* Measured as 100/s. 
tTransformed to 1 ithms. 


Numbers of pairs of values on which correlation coefficients are based range from 646 to 692. All coefficients are significantly different from 
zero at p « 0-001 except those between heparin-thrombin clotting time and age when p < 0-05 and between white cell count and age, which is 


not significant. 


thrombin clotting time were 1096, 1896, 296, 1196, and 
21% respectively. 


Results 


Of 797 men eligible for inclusion in the study, 711 
(8996) were examined and 700 (8896) provided a blood 
sample. Where tables include fewer than 700 observa- 
tions a test may not have been carried out owing to 
insufficient blood or some other technical reason. 

Subjects were classified as having ischaemic heart 
disease if one or more of the criteria described above 
were satisfied. Table 1 shows that 33 subjects (10%) 
aged 30 to 44 and 58 (2996) aged 55—69 had some 
evidence of ischaemic heart disease classified by the 
use of epidemiological criteria. 

The relation between ischaemic heart disease and 
the haemostatic variables was examined in a series of 
detailed analyses. Several of the haemostatic variables 
were dependent on age, and after age adjustment five 
of the haemostatic variables showed significant associ- 
ations with ischaemic heart disease: fibrinogen N con- 
centration (p<0-001), fibrinogen C concentration 
(p<0-01), viscosity (p«0-05), white cell count 
(p<0-001), and heparin-thrombin clotting time 
(p<0-001). Two variables (heparin-thrombin clotting 
time and white cell count) had distributions that were 
appreciably skewed, and in all analyses these data 
were transformed to logarithms. Platelet count and 
the two assays for antithrombin III did not show 
significant associations with ischaemic heart disease, 
and most subsequent analyses do not include these 
variables. 

Table 2 shows the mean values of the five haemosta- 
tic variables that were significantly associated with 
ischaemic heart disease by age and ischaemic heart 
disease category. 

Table 3 shows the correlation matrix for the five 
haemostatic variables and age. There were highly 
significant (p<0-001) associations between the 
haemostatic variables; those between the fibrinogen 
concentrations and viscosity and between the 


fibrinogen concentrations and heparin-thrombin clot- 
ting time were particularly strong. The associations 
between age and the haemostatic variables were much 
less pronounced. There were significant positive 
associations between fibrinogen concentrations, vis- 
cosity, and age. The correlation coefficients between 
heparin-thrombin clotting time and age and between 
white cell count and age were both very small. 

Age and the five haemostatic variables were then 
entered into a stepwise multiple logistic regression 
analysis with prevalent ischaemic heart disease as the 
dependent variable. Table 4 shows a summary of the 
results. Age entered the regression model first fol- 
lowed by white cell count and heparin-thrombin clot- 
ting time. Neither the fibrinogens nor viscosity added 
significantly to this basic model. Regression 
coefficients were standardised by transforming each 
independent variable to zero mean and unit standard 
deviation. The regression coefficients for the different 
variables are thus directly comparable. 

Smoking habit was strongly related to many of the 
haemostatic variables. Table 5 shows that cigarette 
smokers had a much higher mean white cell count and 
much lower mean heparin-thrombin clotting time 
than non-smokers, while exsmokers and cigar and 
pipe smokers held an intermediate position. 

The addition of smoking habit to the basic regres- 
sion model did not add significantly to the model and 
did not affect the coefficients for white cell count and 
heparin-thrombin clotting time in other than a trivial 


Table 4 Standardised regression coefficients (SE) from 








stepwise multiple logistic regression 
Vanable Standardised t 
coefficient] (SE) 
0-596 (0-112) зк 


Аре 
White cell countt 
Heparin-thrombin clotting timef 


< *(-005;***0-001. 
PRegression coefficient standardised by transforming independent 
variable to zero mean and unit stindard deviation. 
Transformed to logarithms. 


5. 
0387 (0116 33e 
-—0239 (0118  -20* 
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Table 5 Effect of smoking habit on white cell count and heparin-thrombin clotting time 


се a 0380 аба. 


Smoking habit White cell count 
No of subjects Mean (95% CI)* 

Non-smoker 129 6-0 (5:8—6:2) 
Ex-smoker 173 6-4 (6-2-6-6) 
Cigar/pipe smoker 74 7:2 (6:8-7-7) 
Cigarette smokers: 

1-14/day 92 8-1 (7-7-8-5) 

15—24/day 113 8-4 (8-0-8-8) 

z25/day 107 8-2 (7-8-8-6) 


Heparin-thrombin clotting time 

No of subjects Mean (95% CI)* 

120 33-9 (31-8-36:1) 

164 31-1 (29-2-33-2) 
73 29-4 (26-9-32-1) 
87 25.9 (24-1-27-9) 

112 25-7 (24-1-27-4) 
98 25-7 (24: 1-27-5) 


* Mean values and 95% confidence interval (CD) for the mean were calculated on logarithmic scale and transformed back to natural units. 


manner. For the purpose of this analysis smoking 
habit was treated as a factor at six levels (Table 5). A 
similar lack of effect was found when alcohol con- 
sumption and obesity (Quetelet's index) were added 
to the basic model. The addition of diastolic blood 
pressure significantly improved (y? = 8-6; p<0-01) 
the fit of the model but did not alter the association 
between prevalent ischaemic heart disease and either 
white cell count or heparin-thrombin clotting time. 
Table 6 shows the values of the standardised regres- 
sion coefficients obtained. The addition of systolic 
instead of diastolic blood pressure yielded a similar 
but slightly weaker effect (X? = 6-6; 1 df; p« 0-01). 
Values of x? for the non-significantly associated 
variables were as follows: smoking habit (2-0, 5 df); 
nephelometric fibrinogen concentration (1-4, 1 df); 
amount of clottable fibrinogen (0-1, 1 df); log alcohol 
(0:7, 1 df); Quetelet’s index (0-1, 1 df); viscosity 
(0-1, 1 df). 


Discussion 


This report indicates that certain haemostatic factors 
have a close association with prevalent ischaemic heart 
disease. This largely confirms the findings of a pilot 
study among the population of Speedwell in Bristol, 
in which identical laboratory techniques were used 
in the case of fibrinogen, heparin-thrombin clotting 
time, and viscosity.|^ It is fully compatible with 
the concept of a hypercoagulable state, shown to be 
associated with incident ischaemic heart disease in 
an early report. Many haemostatic factors are 


Table 6 Standardised regression coefficients (SE) from 
multiple logistic regression analysis with diastolic blood 








pressure added to basic model 

Variable Standardised 1 
coefficient (SE) 

Age i ` 0-540 (0-115) 4-7*** 

White cell count] А 0-360 (0-117) 3.1** 

Heparin-thrombin clotting timet —0-267 (0-119) | —2.2* 

Diastolic blood pressure 0:317 (0-110) 2-9** 


«*(-05; **0-01; ***0-001. 
Firansfosmed to logarithms. 


rapidly modified by stressful stimuli or as a response 
to infection in the "acute phase response" !5 15; among 
these factors are fibrinogen and white cell count, 
which both show strong univariate (but age adjusted) 
associations with prevalent ischaemic heart disease in 
the present data. Smoking habit is also associated with 
higher than average concentrations of fibrinogen!? !8 
and white cell count; and also with increased heparin 
neutralising activity of plasma reflected in the 
decrease of heparin-thrombin clotting time. The pres- 
ent data, however, fail to show an association between 
prevalent ischaemic heart disease and smoking habit. 
This is true of both largely symptomatic subjects and 
asymptomatic subjects. This is contrary to expecta- 
tions generated by prospective studies!? ?? and may be 
due to selection, through survival, of prevalent 
ischaemic heart disease compared with the complete 
identification in incident studies and also stopping 
smoking in symptomatic cases. All variables associ- 
ated with the acute phase response show significant 
intercorrelations (Table 3) (white cell count, 
nephelometric fibrinogen, heparin-thrombin clotting 
time, and viscosity). Further regression analyses, 
however, indicate that: any association between vis- 
cosity and ischaemic heart disease disappears when 
nephelometric fibrinogen concentration is included in 
the model; the inclusion of heparin-thrombin clotting 
time largely removes the association of ischaemic 
heart disease with amount of clottable fibrinogen (the 
inclusion of nephelometric fibrinogen concentration 
removes the remainder of this association); and the 
addition of white cell count largely removes the con- 
tribution of nephelometric fibrinogen concentration 
to the basic model. Аз noted elsewhere, these techni- 
ques are not infallible,?! but on the present evidence 
only the white cell count and heparin-thrombin clot- 
ting time show a significant association with prevalent 
ischaemic heart disease. 

The association between white cell count and 
ischaemic heart disease has been reported previously 
for incident ischaemic heart disease in studies in the 
USA,?? France,?3 and Japan.?* White cell count also 
shows an association with incident cerebrovascular 
disease.?5 These associations do not appear to be 
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explained by smoking habit and encourage further 
prospective studies among disease free populations. А 
mechanism that is mediated by complement activa- 
tion (C5a) and that causes clumping of granulocytes 
and monocytes (but not lymphocytes) and subsequent 
leucoembolism of small coronary vessels has been 
postulated.?* Other possible mechanisms have been 
discussed elsewhere, but larger numbers are 
required to test these hypotheses adequately in both 
prevalence and prospective studies. 


This work was supported by a grant from the British 
Heart Foundation. 
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Improvement in angina pectoris with alpha 
adrenoceptor blockade 


PETER COLLINS, DESMOND SHERIDAN 
From the Department of Cardiology, Welsh National School of Medicine, Cardiff 


SUMMARY The effects of indoramin, a selective alpha, adrenoceptor antagonist, on exercise toler- 
ance were studied in 15 patients using a random double blind crossover protocol. АП patients had 
chronic stable angina, for which 13 had been receiving beta adrenoceptor blocking drugs and 
nitrates, and these were continued unchariged throughout the study. An initial open challenge with 
indoramin in eight patients with chronic stable angina showed no serious adverse effects. In a dose of 
25 mg three times daily indóramin prolonged exercise duration and increased oxygen consumption 
during exercise, while the maximal double product was unchanged. The increased exercise capacity 
was associated with a reduction in ST segment depression during exercise. Side effects included 
failure of ejaculation in one patient and tiredness in five. 

These results indicate than alpha, adrenoceptor blockade may provide useful additional benefit to 


patients with stable angina pectoris who are already receiving beta blockers and nitrates. 


Medical treatment of angina pectoris remains inade- 
quate for many patients, despite the introduction of 
beta adrenoceptor blocking agents, long acting 
nitrates, and calcium antagonists. In addition, the 
side effects of these drugs—for example, broncho- 
spasm, headache, and myocardial depression 
respectively—may limit their use in individual 
patients. The afterload and preload reducing effects of 
alpha adrenoceptor blockade! should; theoretically, 
be beneficial to patients with angina pectoris, but as 
yet there are no controlled studies available to support 
or refute this. 

Indoramin, а selective postsynaptic alpha, 
adrenoceptor antagonist, reduces systemic vascular 
resistance? and preload?^ in man, but without the 
usual reflex sympathetic activation,‘ © and is an effec- 
tive antihypertensive agent.” 5 We report the results of 
a double blind crossover study, in which its effects on 
exercise tolerance were studied in 15 patients with 
chronic stable angina. 
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Patients and methods 


STUDY POPULATION 

Fifteen men (aged 42 to 67 (mean 54-6) years) were 
studied; Table 1 shows their clinical details. Thirteen 
had been receiving beta blockade and 14 long acting 
nitrates. All patients were limited on treadmill exer- 
cise testing by angina pectoris accompanied by hori- 
zontal or downsloping ST segment depression of =2 
mm persisting to 80 ms beyond the J point, following 
the Bruce protocol.? These changes were observed in 
the anterior or anterolateral chest leads in 10 patients 
and in the inferior chest leads in five. Fourteen had 
undergone coronary arteriography which showed 
significant (7096 stenosis) single vessel disease in 
seven patients, two vessel disease in six, and three 
vessel disease in one. With one exception, all of these 
had normal left ventricular end diastolic pressures 
(Table 1). For ethical reasons previous antiangina 
treatment was continued unchanged throughout the 
study. АШ patients had had frequent attacks of exer- 
cise induced chest pain occurring in a constant and 
predictable pattern for at least six months before the 
study. There was no previous history of myocardial 
infarction, heart failure, or atrioventricular conduc- 
tion abnormalities. 
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Table 1 Clinical features of patients studied 
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Case No Age (yr) LVEDP No of coronary vessels Drug treatment 
(mm Hg) affected 
1 62 10 1 Glyceryl! trinitrate 
2 59 15 3 Acebutolol 400 mg/day 
Isosorbide dinitrate 30 mg/day 
3 61 8 1 Acebutolol 400 mg/day . 
Isosorbide dinitrate 30 mg/day 
Isosorbide dinitrate slow release 20 mg/day 
4 59 6 1 Oxprenolol 240 mg/day 
Isosorbide dinitrate 60 mg/day 
Isosorbide dinitrate slow release 20 mg/day 
Aldactide 50 1 tablet twice daily 
5 62 5 1 Acebutolol 200 mg/day 
Isosorbide dinitrate 40 mg/day 
6 46 5 2 Isosorbide dinitrate 30 mg/day 
? 47 7 2 Atenolol 50 mg/day 
Isosorbide dinitrate 30 mg/day 
8 67 8 2 Metoprolol 200 mg/day 
Dyazide two tabs/day 
9 56 4 2 Nadolol 320 mg/day 
Isosorbide dinitrate 30 mg/day 
10 43 7 1 Propranolol 160 mg/day 
Isosorbide dinitrate 40 mg/day 
H 48 8 1 Acebutolol 400 mg/day 
Isosorbide dinitrate 80 mg/day 
12 55 2 Propranolol 40 mg/day 
Isosorbide dinitrate 60 mg/day 
13 58 — Not known Propranolol 160 mg/day 
Isosorbide dinitrate 40 mg/day 
14 54 7 2 Propranolol 160 mg/day 
Isosorbide dinitrate 40 mg/day 
15 42 12 1 Propranolol 160 mg/day 
Isosorbide dinitrate slow release 40 mg/day 
Mean 54-6 


pau MM AL nnn n nnnc c 


LVEDP, left ventricular end diastolic pressure. 


PILOT STUDY 

A pilot study was undertaken before the trial to 
determine the effect of indoramin, in doses of 25 mg 
twice daily to 50 mg twice daily, on blood pressure in 
patients with stable angina. This study included a 
further eight male patients with chronic stable angina 
who received indoramin 25 mg twice daily for the first 
week, 25 mg three times daily for the second week, 
and 50 mg twice daily for the third week. Blood pres- 
sure and heart rate were measured at the end of each 
week and a history relating to possible side effects was 
taken. 


MAIN STUDY 

The angina trial design was double blind; each patient 
received indoramin 25 mg three times daily and 
matching placebo capsules for three weeks each, sepa- 
rated by a washout period of one week. Twelve lead 
maximal exercise treadmill tests were carried out 
according to the Bruce protocol. Electrocardiograms 
were recorded before exercise, at the end of each three 
minute stage, at peak exercise, immediately after 
exercise, and at two minutes and 10 minutes after 
stopping exercise. Significant ST segment depression 
was taken as a shift of 22 mm 80 ms from the J point. 
The electrocardiograms were produced by a Picker 
International semiautomated — electrocardiograph 


model CM 3400. Routine blood pressure measure: 
ments were made before, during, and after exercise. 

Total body oxygen consumption was continuously 
measured during each exercise test using a PK Mor- 
gan oxygen analyser Model 500. This was used as a 
direct measure of total body work and hence an indi- 
rect measure of myocardial work during exercise. 

Results were expressed as mean (standard error of 
mean) and comparisons were made using analysis of 
variance. 


Results 


Results of the pilot study showed that indoramin in 
doses of 25 mg twice daily to 50 mg twice daily had no 
appreciable adverse effects on these patients. Table 2 


Table 2 Effect of indoramin on blood pressure (n=8) 











Position Mean (SEM) pressure (mm Hg) 
Before indoramin End of week 3 а 
(50 mg twice daily) 
Systolic 
Lying 120 (10) 130 (4) 
Standing 126 (8) 124 (6) 
Diastolic 
Lying 82 (9) 81 (6) 
Standing 83 (8) 79 (4) 


_—————-.————————————— 
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Fig. 1 Effects of indoramin 25 mg three times daily on (a) exercise duration, (b) rate pressure product (DPmax), and 
(с) total oxygen consumption (УО) in each patient studied. The horizontal bar indicates the mean for each group. 


shows the results of blood pressure measurements. 
No significant changes were observed in the group as 
a-whole, and blood pressure did not fall below 105/50 
mm Hg in any patient. 


EXERCISE TOLERANCE 
Figure 1 shows the effects of indoramin on exercise 
duration and oxygen consumption during exercise. 
Indoramin significantly increased mean exercise dura- 
tion (17%) from 402 (39) s to 470 (35) s (p<0-01), and 
mean total oxygen consumption during exercise (2196) 
from 9-9 (1-2) to 12-0 (1-3)] (p<0-01). Regression 
analysis showed a significant correlation between 
oxygen consumption and exercise duration (r=0-75— 
0-83, р<0:01 in each case). 

Completed diary cards for all stages of the study 
were returned by only six patients and were consi- 
dered unreliable for evaluation. 


HEART RATE AND BLOOD PRESSURE DURING 
EXERCISE 


Mean heart rate increased from 66 (3) beats/minute at 
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Fig.2 Effects of indoramin 25 mg three times daily on ST 
segment depression at three minutes and six minutes of exercise. 
Bars represent SEM. 
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rest to 112 (3) beats/min at peak exercise during 
placebo treatment. Heart rate at peak exercise was 
slightly increased by indoramin (to 118 (5) beats/min 
from 68 (4) beats/min at rest). The rise in mean sys- 
tolic pressure at peak exercise was also affected little 
by indoramin (161 (8) mm Hg compared with 164 
(6-6) mm Hg with placebo). Thus the rate pressure 
product at peak exercise was not significantly affected 
by indoramin (18934 (1263) compared with 18311 
(795) with placebo). 


ST SEGMENT CHANGES 

Figure 2 shows the changes in ST segment during 
exercise. Prolongation in exercise capacity was associ- 
ated with a significant reduction in ST depression at 
three minutes (p<0-02) and six minutes (p<0-005) of 
exercise. The extent of ST depression was similar at 
peak exercise in each group. 


SIDE EFFECTS 

Failure of ejaculation occurred in one patient during 
active treatment, but he elected to continue the study. 
One patient withdrew from the study because of pro- 
nounced tiredness with active treatment. Five other 
patients complained of tiredness with active treatment 
compared with two with the placebo. 


Discussion 


These results indicate that alpha adrenoceptor block- 
ade may be a useful adjunct to the treatment of stable 
angina pectoris in patients already receiving conven- 
tional antianginal treatment. Alpha adrenoceptor 
blockade has been extensively investigated in the 
treatment of hypertension and cardiac failure. Little is 
known, however, about its effect on angina pectoris. 
Prazosin has been shown to be unhelpful in treating 
variant angina.!° Labetolol possessing both alpha and 
beta adrenoceptor blocking properties improves exer- 
cise tolerance in angina pectoris.'! !? The beta block- 
ing potency of this compound is, however, four to 
eight times greater than that of alpha,'? and the con- 
tribution of alpha adrenoceptor blockade to the anti- 
anginal effect is unclear. Because of the relative pauc- 
ity of information available about the effects of alpha 
blocking agents in patients with angina pectoris it was 
considered unethical to stop current treatment during 
this study. For this reason, the present results can be 
interpreted only as indicating benefit in patients 
already receiving beta blockers or nitrates or both. 
In this study, exercise capacity before the onset of 
angina was improved, as indicated by increases in 
exercise duration and oxygen consumption during 
exercise. In contrast, the maximal double product 
changed little. These findings indicate that indoramin 
significantly increased total work but that cardiac 
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work was similar at maximal exercise with placebo 
and active treatment. This implies that cardiac work 
at lower workloads was reduced by the drug, and the 
reduction in ST segment depression at three and six 
minutes of exercise supports this. This in turn sug- 
gests that the antianginal effect observed here reflects 
actions of the drug on peripheral arterioles and veins; 
however, further work is needed to clarify this. 
Indoramin frequently produced tiredness in the pres- 
ent study, and one patient withdrew for this reason. 
Serious cardiovascular side effects such as hypoten- 
sion or worsening of angina did not occur. The inci- 
dence of side effects observed here was lower than in 
previous studies, in which higher doses were used to 
treat һурегтепѕіоп,!* but is comparable with previous 
studies using calcium antagonists!’ and beta 
adrenoceptor antagonists. !5 17 

In conclusion alpha adrenoceptor blockade with 
indoramin produced significant improvement in exer- 
cise capacity in patients already receiving beta block- 
ers and nitrates. Further work is needed to establish 
whether or not this is a general property of alpha 
adrenoceptor blockade and to determine its 
haemodynamic mode of action. 


We thank the staff of the Department of Cardiology 
and the Lung Function Unit, Llandough Hospital, 
for their invaluable assistance. 
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Effects of intracoronary and intravenous amrinone 
infusions in patients with cardiac failure and patients 
with near normal cardiac function 


P T WILMSHURST, D S THOMPSON, $ M JUUL, H C DITTRICH, J R DAWSON, 
J M WALKER, В S JENKINS, DJ COLTART, M M WEBB-PEPLOE 


From the Department of Cardiology, St Thomas's Hospital, London 


SUMMARY The effects of intracoronary and intravenous infusions of amrinone were studied to 
distinguish the drug's direct cardiac actions from its peripheral vascular and neuroendocrine proper- 
ties. Intracoronary infusions of amrinone were found to have no haemodynamic effect other than 
producing a slight reduction in the left ventricular ejection fraction and some suggestion of coronary 
vasodilatation in patients with impaired left ventricular function. They did not improve contractil- 
ity, cardiac output, or filling pressures and had no significant effect on myocardial metabolism, 
although therapeutic concentrations of the drug were detected in coronary sinus blood. Intraven- 
ously administered amrinone reduced filing pressures and improved the cardiac index in all 
patients, but haemodynamic improvements were most pronounced in the patients with the worst 
cardiac function. These changes were accompanied by improvements in the indices of contractility 
only in patients in whom alterations in concentrations of free fatty acid, glycerol, and glucose 
- suggested peripheral catecholamine release. In the patients with the best basal cardiac function 
intravenously administered amrinone produced a reduction in myocardial work and evidence of 
myocardial ischaemia, as a result of excessive reduction of coronary perfusion pressure and increased 
heart rate, without any appreciable increase in cardiac index. 
It is concluded that, at the concentrations of the drug that can be achieved in man without adverse 
effects, amrinone has no direct positive inotropic effect. Haemodynamic changes are predominantly 
the result of vasodilatation, although catecholamines may be released in some patients. 


Amrinone (Inocor; Winthrop-Breon, USA) is the 
prototype of a group of new drugs that are currently 
being investigated for use in the treatment of patients 
with heart failure. Amrinone acutely lowers cardiac 
filling pressures and improves cardiac output! without 
increasing myocardial oxygen consumption.?? These 
effects have been largely attributed to the direct 
positive inotropic action that has been shown with the 
drug in normal animal myocardium.^ 5 Relatively less 
attention has been paid to the direct vasodilator 
properties of amrinone.* $ 

In patients with cardiac failure initial smali studies 
showed an improvement in a contractility index 
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(maximum rate of rise of left ventricular pressure 
(dP/dt max)) after intravenous administration of 
amrinone.77? These studies contained flaws in 
experimental design, which we have discussed previ- 
ously,!°~ !? not least of these being the absence of any 
attempt to look for a dose response relation between 
the amount of amrinone administered and changes in 
contractility. Subsequent studies that sought a dose- 
response relation and contained larger numbers of 
observations than the earlier reports found no evi- 
dence of a positive inotropic effect in patients.? 1913 
Moreover, two of these subsequent studies compared 
the effects of amrinone with those of other agents 
commonly used in the treatment of cardiac failure. 
One study compared amrinone with dobutamine,'? 
which possesses both positive inotropic and vaso- 
dilator properties. The authors showed no change in 
contractility after amrinone but an increase (partially 
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heart rate related) with dobutamine; both drugs also 
produced changes in haemodynamics attributable to 
vasodilatation. In the other study amrinone was com- 
pared with a pure vasodilator, nitroprusside.? No dif- 
ference between the effects of the two drugs was 
detected except for evidence that amrinone caused 
catecholamine release in some patients. 

Because of this conflicting evidence and the 
difficulty of determining, by intravenous administra- 
tion, the effect of drugs on the human myocardium in 
vivo we have investigated the effects of amrinone on 
the heart by administering it by intracoronary infu- 
sion. 


Patients and methods 


We studied eight men without significant coronary 
disease. Seven, aged 28—52 (mean 41) years, had 
dilated cardiomyopathy; of them, three gave a history 
of high alcohol intake. Six were in sinus rhythm and 
one in atrial fibrillation. All were receiving diuretics, 
six digoxin, and one each amiodarone, warfarin, and 
indomethacin. In addition, we studied a man aged 41 
who gave a history of angina despite "normal coro- 
nary arteries and good left ventricular function" diag- 
nosed at another hospital. He had been referred for 
investigation of the effect of atrial pacing on myocar- 
dial lactate extraction. He was receiving atenolol 
(100 mg daily) at the time of his investigation and had 
never been in cardiac failure. (Careful review of coro- 
nary angiograms after the trial showed that three 
patients with poor cardiac function had isolated: non- 
critical coronary narrowings (<50%), which were 
thought to be insufficient in number or site to account 
for their global cardiac dysfunction. The patient with 
angina was found to have a single 80% narrowing in a 
very small diagonal branch.) Current drug treatment 
was continued until the evening before the study. The 
trial had the approval of the hospital ethical commit- 
tee, and each patient gave his informed written con- 
sent. 

Patients were studied in the morning after an over- 
night fast. One hour before cardiac catheterisation 
they were premedicated with diazepam (10 mg) and 
atropine (0:6 mg) intramuscularly. Heparin (45 U/kg) 
was given intravenously at the same time to minimise 
the effect of a subsequent dose of heparin on free fatty 
acid concentrations.!^ Right and left heart pressures 
were measured routinely via catheters in the right 
femoral vein and artery inserted under local anaes- 
thesia with lignocaine. Immediately after arterial 


catheterisation a second dose of heparin (45 U/kg) was: 


given. Coronary arteriography was performed with 
Urografin 370 (76%). The minimum volume of con- 
trast (about five injections, each of 5-8 ml) was used. 

A fluid filled catheter was then positioned in the 
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pulmonary artery. À catheter tip micromanometer 
(No 8 French gauge Millar) was positioned in the Ieft 
ventricle retrogradely across the aortic valve for 
measuring pressure and injecting contrast medium 
for left ventricular cineangiography. А selective left 
coronary Judkins’s catheter was inserted via an addi- 
tional arterial Seldinger puncture for intracoronary 
infusion of drugs and measurement of aortic pressure. 
Cardiac output was measured by dye dilution!? and 
coronary sinus flow by thermodilution,!^ as previ- 
ously described. 

Pressures were measured with reference to the ster- 
nal angle as zero. Pressure, micromanometer, and 
thermistor signals were displayed on a Cambridge 12 
channel recorder, stored on magnetic tape, and pro- 
cessed by computer. Indices of contractility, includ- 
ing dP/dt max, dP/dt шах divided by developed pres- 
sure (dP/dt max/P),!5 the peak measured shortening 
velocity of the contractile element ((dP/dt/P) max),!$ 
and the product of the series elastic stiffness constant 
and the velocity of contractile shortening at zero load 
(KV max), were derived by on line computer pro- 
cessing of the pressure signal.!° 

The plasma concentrations of amrinone and its 
metabolite, N-acetyl amrinone, were determined by 
high pressure liquid chromatography.'5 The oxygen 
content and concentrations of lactate, pyruvate, hyd- 
roxybutyrate, acetoacetate, glycerol, free fatty acid, 
and glucose in arterial and coronary sinus blood were 
determined as previously described.? !* 

Myocardial oxygen consumption, left ventricular 
minute work, myocardial efficiency, and the myocar- 
dial extractions, extraction ratios, and oxygen extrac- 
tion ratios of substrates were calculated using stan- 
dard formulas.!? Total systemic vascular resistance 
was taken to be mean aortic pressure divided by car- 
diac output. Pulmonary vascular resistance was con- 
sidered to be: 


(Mean pulmonary artery pressure — diastolic 
pulmonary artery pressure) 
cardiac output 
Coronary vascular resistance was calculated from?°: 


(Mean aortic diastolic pressure — left 
ventricular diastolic pressure) X coronary 
diastolic filling time 


coronary sinus flow 





No measurements were made until at least 40 
minutes after coronary arteriography. The patient 
with angina was paced to determine the effect of fast 
heart rates on myocardial metabolism of lactate. He 
was allowed to return to the basal state before under- 
going the research procedure. 

During the research procedure haemodynamic 
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measurements, blood sampling, and left ventricular 
cineangiography were performed according to a time 
schedule so that observations were made at compar- 
able intervals after test interventions. The interven- 
tions were: (1) control or basal state, (2) intracoronary 
lactate infusion, (3) intracoronary amrinone infusion, 
(4) intravenous amrinone. The order of interventions 
2 and 3 was randomised. The patients were unaware 
of the order of the interventions. To eliminate 
observer bias or selection. haemodynamic indices 
(heart rate, blood pressures, flows, and contractility 
indices) were calculated by computer during pre- 
determined intervals after the start of drug adminis- 
tration. Biochemical analysis was performed by auto- 
matic analysis (oxygen content and glucose concentra- 
tion) or by technicians unaware of the nature of the 
samples for analysis. 

Intracoronary amrinone was administered at a rate 
of 0-5 mg/min. The lactate (carrier) solution used was 
identical in all respects to the amrinone solution 
except that it contained no amrinone. We have previ- 
ously used this lactate solution in both in vitro* and in 
vivo? experiments and shown it to be without vascular 
or myocardial activity. The lactate solution was 
administered at the same rate as the amrinone solu- 
tion. Six patients received intracoronary infusions of 
amrinone and the lactate lasting two minutes each 
(short infusion). Three received intracoronary 
amrinone first and three the lactate first. In these six 
patients the measurements performed two minutes 
after the start of the infusion were made during the 
infusion. Other measurements were made after the 
end of the infusion. In two patients (one with good 
left ventricular function) both intracoronary infusions 
were prolonged for 15 minutes (long infusion) so that 
all measurements were made during infusion. One of 
these two patients (the one with good left ventricular 
function) received intracoronary amrinone first. (The 
number of studies of long intracoronary infusion was 
smaller than intended because the manufacturer of 
amrinone withdrew all our stocks of the drug before 
we had completed the trial.) 

In the control state heart rate, pulmonary arterial, 
aortic, and left ventricular pressures, contractility 
indices, cardiac output, and coronary sinus flow were 
measured, and arterial (left ventricular) and coronary 
sinus blood was sampled for metabolite concentra- 
tions. Single plane left ventricular cineangiography 
(right anterior oblique projection) was performed for 
calculating left ventricular volumes and the end sys- 
tolic pressure volume relation. About 20 minutes was 
allowed for return to the basal state, which was 
confirmed by rechecking pressures and contractility 
indices. The first intracoronary infusion was started 
and pressures and indices of left ventricular contractil- 
ity measured every two minutes for six minutes. Eight 
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minutes after starting the intracoronary infusion all 
measurements including those of flows and metabolite 
concentrations and left ventricular cineangiography 
were repeated. After permitting another return to the 
basal state the second intracoronary infusion was 
started with measurements and angiography at inter- 
vals identical to those used for the first intracoronary 
infusion. During each intracoronary infusion coro- 
nary sinus blood was sampled for measurement of 
amrinone concentration. Mixed venous blood was alse 
sampled after the long infusions in the two patients 
who had received these. 

After a further return to the basal haemodynamic 
state each subject was given 1-5 mg/kg intravenous 
amrinone over two minutes. Measurements and 
angiography were performed after the start of this 
infusion at the same intervals as those that had been 
used after the start of the intracoronary infusions. 
Peripheral venous blood was sampled for measure- 
ment of plasma amrinone concentration after 
intravenous amrinone. 


STATISTICAL ANALYSIS 

Data on the six patients with poor left ventricular 
function who received short intracoronary infusions 
are expressed as mean (SEM). Statistical analysis for 
this group was by the paired t test. The initial control 
(basal) period was compared with the basal state 
before each intervention. The effects seen at all times 
after each intervention were compared with both the 
initial control period and the control period immedi- 
ately before that intervention. In addition, the effects 
observed after intracoronary and intravenous infusion 
of amrinone were compared with the effects seen at 
the same intervals after intracoronary infusion of lac- 
tate. 

The data on the two patients who received long 
intracoronary infusions were not amenable to statisti- 
cal analysis, and the raw data are provided. 

Further statistical analysis was by linear or log 
linear regression. Spearman's rank test was used to 
test for a non-parametric relation when one was 
sought but could not be detected using a simple 
algorithm. A p value of less than 0-05 was considered 
to be significant. 


Results 


PLASMA AMRINONE CONCENTRATIONS 

Table 1 shows the concentrations of amrinone 
detected in coronary sinus blood during intracoro- 
nary infusions of amrinone in the patients studied. No 
N-acetyl amrinone was detected in the coronary sinus 
blood of the patients during the infusions. Table 2, 
which shows our total experience of the range of con- 
centrations of amrinone found in peripheral blood 
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Table 1 Plasma concentrations of amrinone in coronary sinus 
blood during infusion of intracoronary amrinone (0-5 mgímin) 
——MMM— M АОИ Е 





Case Length of ` Amrinone 

No infusion (iem) 

1 Short 0-18 

2 Short 1-37 

3 Short Detectable but 
unquantifiable 

4 Short 0-69 

5 Short 170 

6 Short 1-60 f i 

7 Long 2:07 

8 Long 245 

—M———————— 


after infusion of 1.5 and 3-5 mg/kg intravenous 
amrinone and during long term oral treatment, is 
given for comparison. It: should be noted that 

:.amrinone was detectable in venous blood after long 
intracoronary infusion in each of the two patients who 
received this, being 0-46 ug/ml in the patient with 
poor left ventricular function and 0-25 ug/ml in the 
patient with good left ventricular function. 


SHORT INFUSIONS 

Haemodynamics 

The initial control (basal) values of all haemodynamic 
indices measured were the same as each set of prein- 
tervention control values. : 

Compared with control measurements the 
intracoronary infusions did not cause any alteration in 
heart rate, left ventricular pressures, or contractility 
indices either during the infusion or after the infusion 
had stopped (Fig. 1: only the contractility indices 
dP/dt max and KV max are shown; other contractility 
indices and dP/dt min were also unaltered). Variables 
measured after intracoronary infusion, including 
coronary sinus flow, arteriocoronary sinus oxygen dif- 
ference, myocardial oxygen consumption and effi- 
ciency (Fig. 2), cardiac index, left ventricular volumes 
and the left ventricular end systolic pressure to vol- 
ume ratio (Fig. 3), and pulmonary arterial and aortic 
pressures, left ventricular minute work, and systemic 
and pulmonary vascular resistances (Fig. 4), were also 
unaltered by the intracoronary infusions. 

When the intracoronary infusions of amrinone and 
lactate were compared no significant difference was 
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Fig. 1 Effects of short (two minutes) intracoronary infusion of 
lactate (O—O) and amrinone (@---@) and of intravenous 
amrinone (18—18) on haemodynamics in six patients with poor 
left ventricular function. Infusions were administered after taking 
basal measurements (0 minutes) until after taking measurements 
at two minutes. Values shown are mean (SEM). *р<0-05. 


Table 2 Plasma concentrations of amrinone in peripheral venous blood during acute intravenous and long term oral amrinone 





treatment 

Route of Dose Frequency o, Interval since Range (mean) plasma amrinone 
administration pian Д last dose concentrations (џет) 
Å m 
Intravenous 1-5 mg/kg Once only ш Ir 

Intravenous 3:5 mg/kg Once only AE pe Fa 

Oral 100 mg Every 8 hours Z h (peak) оо 


8 h (trough) 0-5-1 (1:9) 


2 
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Fig.2 Effects of intracoronary and intravenous administration of amrinone оп 
coronary sinus flow, arteriocoronary sinus oxygen difference, myocardial oxygen 
consumption, and myocardial efficiency in: six patients with poor left ventricular 
function who received short (two minute) intracoronary infusions (mean (SEM)) 
( 9—-0) and the two patients who received long intracoronary infusions, one 


with good (А---А) and one with poor (WW) left ventricular function. 
C, control; L, lactate; A, amrinone; IC, intracoronary; IV, intravenous. 


*p<0-05. 


seen for any variable measured except that left ven- 
tricular ejection fraction was slightly but significantly 
reduced after intracoronary infusion of amrinone. In 
addition, coronary vascular resistance was unaltered 
in one patient after the short intracoronary infusion of 
amrinone and reduced in the remaining five compared 
with intracoronary lactate, but the mean value failed 
to achieve significance (Fig. 5). 

In contrast, in these six patients intravenous 
amrinone produced a significant (p<0-05) increase in 
heart rate at four minutes and a significant (p<0-05) 
reduction in left ventricular end diastolic pressure at 


all times after the intervention (Fig. 1). The reduction . 


in left ventricular systolic pressure after intravenous 
amrinone just failed to achieve significance at all times 
shown (0-05<p<0-1). Slight increases in indices of 
contractility were seen but did not achieve 
significance when compared with control data and 
measurements made at the same intervals after the 
intracoronary infusion of lactate. 


Intravenously | 


infused amrinone.also produced significant reductions 
in arteriocoronary sinus oxygen difference, left ven- 
tricular end diastolic volume index, pulmonary arter- 
ial and ‘aortic pressures, and systemic vascular resis- 
tance and produced increases in cardiac index, left 
ventricular ejection fraction, left ventricular minute 
work, and efficiency (Figs. 2, 3, and 4). Coronary 
sinus flow, myocardial oxygen consumption, pulmo- 
nary and coronary vascular resistances, and the left 
ventricular end systolic pressure to volume ratio were 
not significantly altered. 


Metabolism 

The short intracoronary infusion of lactate produced a 
significant increase in arterial pyruvate concentration, 
myocardial pyruvate extraction, and myocardial 
pyruvate extraction ratio compared with control val- 
ues. Intracoronary amrinone produced a significant 
increase in myocardial pyruvate extraction, but the 
increases in arterial pyruvate concentration and 
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Fig.3 Effects of intracoronary and intravenous infusion of amrinone on cardiac 
index, left ventricular end diastolic volume index (LVEDV)), left ventricular ejection 
fraction, and léft ventricular end systolic pressure foolume index (LVESP/LVESVI) in 
six patients with poor left ventricular function who received short (two minute) 
intracoronary infusions (mean (SEM)) (Ф—®) and two patients who received long 
intracoronary infusions, one with poor (W---B) and one with good (A—A) left 
ventricular function. C, control; L, lactate; A, amrinone; IC, intracoronary; 


IV, intravenous. *p «0-05. 


myocardial pyruvate extraction ratios were not 
significant compared with control values. The effects 
of intracoronary lactate and intracoronary amrinone 
. on pyruvate metabolism were not significantly differ- 
ent. Intravenous amrinone had no significant effect on 
pyruvate metabolism (Table 3). 
Short intracoronary infusions of both amrinone and 
lactate and the administration of intravenous 
 amrinone in these'six patients had'ño significant effect 
on arterial or coronary sinus concentrations, myocar- 
dial extractions, or extraction ratios of lactate, 
glycerol, free fatty acid (Table 3), or ketone bodies 


(not tabulated). The mean arterial plasma concentra- 


tions of glycerol and free fatty acid rose after 
intravenous administration of amrinone because con- 
siderable increases (240%) developed in two patients. 

Samples of plasma for estimation of glucose con- 


centration were unfortunately destroyed in two of the 
six patients who received the short intracoronary infu- 
sions. In the remaining four patients intracoronary 
infusions produced no detectable effect on the arterial 
or coronary sinus concentrations of glucose. A small 
effect could have been masked by the general ten- 
dency for the arterial glucose concentration to decline 
with time (presumably the result of fasting). In each 
patient, however, intravenous amrinone produced a 
rise in arterial and coronary sinus glucose concentra- 
tion compared with the preceding estimation. The 
mean increase for both arterial and coronary sinus 
concentrations was 1-2 mmol/l. 


LONG INFUSIONS 
Haemodynamics 
The patient with dilated cardiomyopathy who 
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Fig. 4 Effects of intracoronary and intravenous infusion of amrinone on mean aortic 
pressure, mean pulmonary artery pressure, total systemic vascular resistance, and 
pulmonary vascular resistance in six patients with poor left ventricular function who 
received short (two minute) intracoronary infusions (mean (SEM)) (€—9) and two 

` patients who received long intracoronary infusions, one with poor (Wi---Wi) and one with 
good ( &-—A) left ventricular function. C, control; L, lactate; A, amrinone; 
IC, intracoronary; IV, intravenous. *p<0-05. 


received the long intracoronary infusions had prein- 
tervention haemodynamic indices comparable to or 
slightly worse than those for the six patients who 
received the short intracoronary infusions. The other 
patient who received long intracoronary infusions had 
good left ventricular function as judged from heart 
rate, filling pressures, cardiac index, left ventricular. 
ejection fraction, and indices of contractility. и 
In both patients when compared with values іп the 
control state and during intracoronary infusion of lac- 
tate the long intracoronary infusion of amrinone did 
not cause any consistent alteration in left ventricular 
pressures or indices of contractility (Figs. 6 and 7), 
cardiac index or variables derived from left ventricu- 
lar angiography (Fig. 3), pulmonary arterial and-aor---- 
tic pressures, left ventricular minute work, or-sys-- 
temic ог-рштопагу. vascular resistances (Fig. 4). In 


the patient with poor left ventricular function coro- 
nary sinus flow increased and coronary vascular resis- 
tance fell after intracoronary- infusion of 'amrinone, 
but opposite changes were seen in the patient with 
good left ventricular function (Figs. 2 and 5). 

After receiving intravenous amrinone the patient 
with poor left ventricular function showed:a transient 


' rise in heart rate (maximum four minutes after the 


start of the infusion) and a later reduction in left ven- 
tricular filling pressure (Fig. 6). Contractility indices 
were increased in this patient after the intravenous 
dose of amrinone, although no improvement in con- 
tractility had been seen during the intracoronary 
amrinone infusion. Changes in other haemodynamic 
indices—for example, heart rate, blood pressures, and 
flows—after | intravenous amrinone in this patient, 


however, were ‘comparable’ "with those observed after 
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Fig. 5 Effect of intracoronary amrinone on coronary vascular 
resistance in six patients who received short (two minute) 
intracoronary infusions ( ) (mean (SEM) for all six 
represented by 6) and two patients who received long 
intracoronary infusions, one with poor left ventricular function 
(WII) and one with good left ventricular function ( &--- A). 





intravenous amrinone in the six patients who received 
short intracoronary infusions (Figs. 2, 3, and 4). 


The responses seen after intravenous amrinone in 
the seven patients with poor left ventricular function 
differed a little from those observed in the patient 
with good left ventricular function. In this patient a 
reduction in left ventricular pressures also occurred, 
but the decrease in left ventricular systolic pressure 
was considerable (Fig. 7). This was accompanied by a 
large increase in heart rate and contractility indices 
(Fig. 7). The slight increase in cardiac index seen was 
due to the increase in heart rate, as left ventricular end 
diastolic volume and ejection fraction were unaltered 
(Fig. 3). Pulmonary arterial and aortic pressures and 
systemic vascular resistance were considerably 
reduced after intravenous amrinone (Fig. 4). In con- 
trast to the changes in arteriocoronary sinus oxygen 
difference, left ventricular minute work, and effi- 
ciency observed after intravenous amrinone in the 
patients with poor left ventricular function, a slight 
reduction in minute work and no real alteration in 
efficiency or arteriocoronary sinus oxygen difference 
developed in the patient with good left ventricular 
function (Fig. 2). 


Metabolism 

The metabolic effects of the long intracoronary infu- 
sions of amrinone and the lactate solution are difficult 
to determine as during the periods of sampling for 
metabolites both the subjects were receiving an 


Table 3 Metabolic effects of interventions in patients who received short intracoronary infusions. F. igures are mean (SEM) values 





Arterial _ Coronary sinus Extraction Extraction ratio 
concentration concentration (mmol/l) (%) 
(mmol/l) (mmolil) 
Lactate 
Control 0-488 (0-083) 0:373 (0-073) 0-115 (0-040) 23-2 (7-8) 
Intracoronary lactate 0-514 (0-054) 0-326 009, 0-187 (0-068) 34-0 (9-5) 
Intracoronary amrinone 0-489 (0-065) 0-295 (0- 0-194 (0-060) 37-8 (8-1) 
Intravenous amrinone 0-515 (0-054) 0-361 (0-068 0-154 (0-083) 27-2 (13-0) 
Pyruvate 
Control 0-046 (0-010) 0-041 (0-004) 0-004 (0-011) —9-3 (20-0) 
Intracoronary lactate 0-057 (0-010)* 0-036 (009 0-021 (0-011)* 25-8 (16-0)* 
Intracoronary amrinone 0-048 (0-008) 0-035 (0-005 0-013 (0:012)* 14-5 (18-2) 
Intravenous amrinone 0-054 (0-011) 0-049 (0-005) 0-006 (0-013) —11-4 (25:9) 
Glycerol 
Control 0-088 (0-017) 0-075 (0-015) 0-013 (0-007) 7-1 (14-2) 
Intracoronary lactate 0-079 (0-020) 0-071 (0-023) 0-008 (0006) 18:7 (10-2) 
Intracoro amrinone 0-081 (0-024) 0-067 er 0-014 (0-012 12-1 (16.1) 
Intravenous amrinone 0:140 (0-051) 0-108 (0-030) 0-032 (0-029) 15-7 (8-0) 
Free fatty acid 
Control 0-66 (0-09) 0-63 (0-09) 0-03 (0-05) 4-5 (7:3) 
Intracoronary lactate 0-54 (0-12) 0-67 (0-10) —0-13 (0-10) — 35:5 CE 
Intracoronary amrinone 0-59 (0-13) 0-67 (0-14) —0-08 (0-08) —21-6 (23:3) 
Intravenous amrinone 0-81 (0-18) 0-75 (0:12) 0-06 (0-11) —2-6 (10-1) 
Glucose (n—4) 
Control 7-93 (1-21) 5-55 (0-29) 2:38 io 26-3 (8-7) 
Intracoronary lactate 6:35 036 6-25 (0-62) 0-10 (0-76) —0-1 (12:4) 
Intracoronary amrinone 6-60 (0-28) 5-63 (040) 0-98 (0-30) 14-6 (2:2) 
Intravenous amrinone 7:40 (0-82) 6:78 (0-45) 0-63 (0-62) 633 (7-6) 


*Significance compared with control p<0-05. 
Conversion: SI to traditional units—Lactate: 1 mmol ~= 90 mg. Pyruvate: 1 mmol == 88 mg. Glycerol: 1 mmol 


180 mg. 


== 217 mg. Glucose: 1 mmol == 
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Fig.6 Effect of long intracoronary infusion of lactate (O—O) 
and amrinone ( ®---®) and intravenous infusion of amrinone 
(Ш—-Ш) on haemodynamics in the patient with poor left 
ventricular function. Infusions were administered after taking 
basal measurements (0 minutes). 


intracoronary lactate load from the infusion itself. It 
was thus difficult to know precisely the lactate con- 
centration of blood flowing down the left coronary 
artery. This would be dependent on the lactate con- 
centrations in arterial blood and the infusion solutions 
and the relative contribution of each of these to the 
blood in the left coronary artery. These factors would 
also influence, to a lesser extent, the concentrations of 
other metabolites in the left coronary artery. (As the 


volume of infusate per minute: was small compared. 


with coronary sinus flow rate it should introduce only 
a small or negligible volume effect to changes in 
myocardial oxygen consumption occurring as a result 
of pharmacological properties of the infusate.) The 
analysis of coronary sinus blood during these long 
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Fig.7 Effect of long intracoronary infusion of lactate ( O—O) 
and amrinone (@---@) and intravenous infusion of amrinone 
(Ш-—-Ш) on haemodynamics in the patient with good left 
ventricular function. Infusions were administered after taking 
basal measurements (0 minutes). 


infusions showed high concentrations of all myocar- 
dial metabolites measured, particularly lactate (Table 
4); but the amrinone and lactate infusions had similar 
effects. . 

After the subsequent intravenous dose of amrinone, 
arterial lactate concentrations were altered little, 
although the myocardial lactate extraction ratio 
became negative in the patient with good left ventricu- 
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Table 4 Metabolic effects of interventions in patients who received long term intracoronary infusions 





Patient with poor left ventricular function 


Patient with good left ventricular function 


Arterial Coronary sinus Extraction Extraction Arterial Coronary sinus Extraction Extraction 
concentration concentration (mmol/l) ratio concentration concentration — (mmoll) ^ ratio 
(mmol/l) (mmol/i) (%) (mmol/l) (mmol/l) (%) 
Control 0-560 0-366 0-194 34-6 0-299 0-204 0-095 31-8 
Intracoronary lactate 0-567 0-451 NC NC 0-242 0-471 NC NG 
Intracoronary amrinone 0-575 0-412 NC NC 0-279 0-274 NC C 
Intravenous amrinone 0-654 0-610 0-044 6-7 0-256 0-263 —0-007 —2.7 
Pyruvate 
Control 0-031 0-041 —0-010 —32-3 0-039 0-064 —0-025 —64-1 
Intracoronary lactate 0-035 0-045 NC NC 0-040 0-078 NC NC 
Intracoronary amrinone 0:038 ' — 0047 NC NC 0-044 0-038 NC NC 
Intravenous amrinone 0-035 0-066 —0-031 —88-6 0-048 0-035 0-013 27-1 
Glycerol 
Control 0-143 0-149 —0-006 —42 0-143 0.164 —0-021 — 14-7 
Intracoronary lactate 0-151 0-178 NC NC 0-130 0:152 NC NC 
Intracoronary amrinone 0:159 0-157 NC NC 0-136 0.137 NC NC 
Intravenous amrinone 0-183 0:167 0-016 8&7 0-152 0-152 0-000 0-0 
Free fatty acid 
Control 0.73 0-60 0-13 17-8 0-75 0-47 0-28 37-3 
Intracoronary lactate 0-85 0-73 NC NC 0-63 0-48 NC NC 
Intracoronary amrinone 0-75 0-79 NC NC 0-66 0-51 NC NC 
Intravenous amrinone 0.94 0-63 —0:31 — 33-0 0-79 0-63 0-16 20:3 
Glucose 
Control 66 6-2 0-4 61 63 45 1-8 28-6 
Intracoronary lactate * 6-5 МС NC 54 45 NC NC 
Intracoronary amrinone 7-6 64 NC NC 5-6 49 NC NC 
Intravenous amrinone 8-6 68 1-8 20-9 5-5 49 0-6 10-9 





* 


Broken. 
'NC, not ‘caltulable. 


Conversion: SI to traditional units—Lactate: 1 mmol == 90 mg. Pyruvate: 1 mmo] == 88 mg. Glycerol: 1 mmol = 217 mg. Glucose: 1 mmol = 


180 mg. 


lar function (Table 4): Increases in the arterial con- 
centrations of glycerol, free fatty acid, glucose (Table 
4), hydroxybutyrate, and acetoacetate (not tabulated) 
were seen after intravenous amrinone in both 
patients. These changes were more pronounced in the 
patient with poor left ventricular function (glucose 
concentration being compared with the. glucose con- 
centration during the preceding intervention). 


 Interrelations between variables measured 

After intracoronary drug infusions we were unable to 
` detect any relation between coronary sinus amrinone 
Concentrations and haemodynamic or metabolic 
changes observed. Removal of the one or two patients 
with the lowest coronary sinus amrinone concentra- 
tions does not materially affect mean values or the 
overall analysis of data. 

Patients who received short or long intracoronary 
infusions received different total doses of the drugs by 
“this route. "They all subsequently received the same 
dose of amrinone (1-5 mg/kg) by the intravenous 
route. It was thus possible to analyse the 
haemodynamic effects of intravenous amrinone in 


— these eight patients combined. No relation was found 


between alterations in contractility and plasma con- 
centrations of amrinone or N-acety] amrinone. As in a 


previous study? we sought a relation between altera- 
tions in haemodynamics and metabolic changes after 
intravenous amrinone. The percentage increase in 
arterial free fatty acid concentration was linearly 
related to percentage increase in dP/dt max 
(y=7-83+0:38x, n=8, r=0-64), although the relation 
just failed to achieve significance (0:05<p<0-1). 

An inverse relation existed between control left 
ventricular ejection fraction (%) and percentage 
increase -in ejection fraction after intravenous 
amrinone (у=96:1—1:64х, n=8, r=0-714, p<0-05). 
In fact, a relation existed between a number of 
baseline (control) haemodynamic variables and the 
response to intravenous amrinone, although not to 
intracoronary amrinone. 

We arbitrarily divided the patients into two groups of 
four; those with a normalised left ventricular end dias- 
тойс volume >200 (range 209-241, mean 222) ml/m? 
and those with a volume index <200 (range 112-183, 
mean 148) ml/m?. Those patients with the larger left 
ventricular end diastolic volumes had lower control 
mean aortic pressures (57-78 v 85-119 mm Нр), 
higher left ventricular end diastolic pressures (19-27 v 
4-9 mm Hg), lower dP/dt max (467—780 v 913-1154 
mm Hg/s), lower left ventricular end systolic 
pressure/volume indexes (0-26-0-49 v 0-63-2-65 mm 


м 


Effects of intracoronary and intravenous amrinone infusions 


Hg/ml/m2), and lower left ventricular minute work 
(1-17-3-51 v 5-64-9-66 kg m/min) as well as generally 
lower efficiency (2-1-28-6, mean 10-9 о 8-8-35-1, 
mean 23.796), cardiac indices (1:1—2:0, mean 1:6 
v1-8-3-2, mean 2-6 l/min/m?), and ejection fractions 
(6-26, mean 17 v 21-52, mean 39%). The two groups 
had similar resting heart rates, arteriocoronary sinus 
oxygen differences, coronary sinus flow rates, 
myocardial oxygen consumptions, and lactate extrac- 
tions. After intravenous amrinone filling pressures fell 
by similar amounts in each group, but aortic pressure 
fell less in the group with the larger left ventricular 
volumes (5 v 22 mm Hg). In the patients with the 
larger ventricular volumes heart rate was unchanged 
after amrinone but rose in the other group (range 
11-24 (mean 16) beats/min). Cardiac index rose in 
both groups after intravenous amrinone, but this 
increase was greater in the group with the larger left 
ventricular volume in both absolute (0-9-2-2 (mean 
1-4) v 0-2-1-0 (mean 0-5) l/min) and relative terms 
(45-122% (mean 89%) v 8-56% (mean 23%)). Left 
ventricular minute work fell after intravenous 
amrinone in three of the group with the smaller left 
ventricular volumes, and efficiency was reduced in 
two, but both variables were improved in each of the 
four patients with larger left ventricular volumes. In 
each of the patients with smaller left ventricles, but 
not in the other group, the left ventricular end systolic 
pressure/volume index rose appreciably after 
amrinone. This change, however, was accompanied 
by a large increase in heart rate in each patient and 
was not accompanied by consistent alterations in pres- 
sure derived contractility indices. 


Discussion 


Amrinone possesses undoubted positive inotropic 
properties in myocardium from normal animals and 
animals with acutely induced cardiac failure.*? This 
property is at least partly the result of phosphodies- 
terase inhibitory activity?! 2? and partly due to poten- 
tiation of the effects of catecholamines on the myocar- 
dium.?! In chronic cardiac failure in myocardium 
from animals?? and man‘ the direct positive inotropic 
effects of amrinone disappear. Even in normal 
myocardium the concentrations of amrinone required 
to produce a direct positive inotropic effect are con- 
siderably higher than those that can be obtained dur- 
ing long term oral treatment?^" 2 because of common, 
severe, and dose related adverse effects.?5?778 
Amrinone also possesses powerful ‘direct vasodilator 
properties in animal and human vessels??? and may 
also cause systemic catecholamine release in some 
cases by mechanisms independent of reflex changes 
resulting from vasodilatation.? ---- - SRI 


^oc 14s 


This study is an attempt to prevent these peripheral... 


D 
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vascular effects and systemic alterations of autonomic 
or neuroendocrine activity from masking the cardiac 
effects of amrinone. These cardiac properties could 
include effects on coronary vessels, cardiac nerves, 
and myocardial neurotransmitter potentiation, as well 
as direct effects on myocardial cells themselves. 

Intracoronary administration of any drug solution 
will have effects that are due to partial replacement of 
coronary perfusing blood by nutrient poor, non- 
oxygenated solvent as well as those effects due to the 
pharmacological properties of the drug itself. Conse- 
quently, it was necessary to investigate the effect of 
the solvent (lactate solution) itself in each patient 
studied. To prevent an order effect the intracoronary 
infusions were administered in a randomised cross- 
over manner. The patients and the technicians per- 
forming biochemical analysis were unaware of inter- 
vention order, and haemodynamic measurements 
were made by computer. Thus, although the doctors 
giving the drugs were aware of the order of adminis- 
tration of the infusions (which were different colours) 
selection and biased interpretation of data were pre- 
vented. This technique contrasts appreciably with 
earlier “titration” studies of the haemodynamic 
effects of amrinone, in which peak effects and pre- 
determined haemodynamic end points were em- 
ployed.7-? Such studies cannot be used to argue that a 
drug possesses a particular effect, although the mag- 
nitude and time course of that effect can be assessed, 
provided that the effect has already been adequately 
shown to be present. 

We initially investigated the effect of short 
intracoronary infusions lasting two minutes. During 
in vitro experiments exposure of myocardium to 
amrinone is accompanied by a rapid increase in ten- 
sion development, which reaches a plateau within two 
minutes in tissue from both animals’ and man 
(unpublished observations). An infusion for two 
minutes should be an adequate interval for increases 
in tension to occur if the tissue is responsive and pro- 
vided that adequate concentrations of amrinone are 
achieved. To confirm that there were adequate concen- 
trations coronary sinus blood was sampled during 
the infusions. We also continued observation of 
haemodynamics after the intracoronary infusion in 
case late changes occurred. 

We administered the drug into the left coronary 
artery alone, aware that our failure to administer the 
drug also into the right coronary artery might produce 
a steal phenomenon or regional dyskinesia. We 
thought, however, that it would not be justified to 
cannulate both coronary ostia. The rate of drug infu- 
sion was 0-5 mg/min, which we had estimated from 
mean coronary flows, would produce concentrations 


-of.drug in coronary sinus blood in the range of those 


detected.in peripheral blood during long term oral 
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treatment. (We have previously found an incidence of 
thrombocytopenia greater than 5096 in patients receiv- 
ing long term oral treatment when mean plasma 
amrinone concentration exceeds 2-5 ug/ml,?6 so we 
aimed to achieve coronary sinus concentrations of the 
drug that were lower than this.) We also predicted 
that unexpected adverse reactions to the intracoronary 
drug infusions would be unlikely to develop as the 
concentrations of drug achieved would be lower than 
those we found in the circulation during the initial five 
minutes after bolus adminstration of amrinone. These 
predictions proved accurate. 

After this group of six preliminary experiments we 
intended to proceed to a series of further experiments 
in which the intracoronary infusions were consider- 
ably prolonged in case the occurrence of any inotropic 
effect of amrinone in vivo is delayed. It was our inten- 
tion to investigate the effect of long infusions in at 
least six patients with dilated cardiomyopathy and in 
as many patients as might prove practical with normal 
coronary arteries and good left ventricular function 
who required investigation of myocardial lactate 
metabolism. We were unable to complete these exper- 
iments owing to the manufacturers’ action. 

In all patients, whether they received long or short 
intracoronary infusions, the effect of intravenous 
amrinone was also investigated. This was to confirm 
that these patients did not respond in an atypical 
manner to intravenous amrinone, which might for 
example have explained a surprising response to 
intracoronary amrinone. In fact the responses of the 
patients to intravenous amrinone were totally as 
expected. A reduction in left ventricular filling pres- 
sure and an increase in cardiac index occurred in each 

' of the eight patients. The responses of the seven 
patients with dilated cardiomyopathy to intravenous 
amrinone were in keeping with our previously pub- 
lished experience.? !? The response of the patient with 
good left ventricular function—that is, appreciable 
reduction in aortic pressure, increase in heart rate, 
and impaired myocardial lactate  extraction— 
compared well with that seen in other studies in 
patients with good left ventricular function.903! In 
this patient the appreciable increases in contractility 
indices after intravenous amrinone may have been due 
to the large increase in heart rate or to catecholamine 
release as a result of vasodilatation, although a direct 
positive inotropic effect cannot be excluded. The 
absence, however, of increased contractility during 
intracoronary infusion of amrinone in this patient 
does not support the view that he was able to produce 
а direct positive inotropic response to amrinone at the 
concentrations achieved during long term oral treat- 
ment. 

In this study little evidence was detected that 
intracoronary amrinone (or the lactate) had any effect 
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on haemodynamics or myocardial metabolism. In par- 
ticular, it was found that the drug produced no altera- 
tion in myocardial contractility during either short or 
long infusions. After the short intracoronary infusion 
of amrinone, left ventricular ejection fraction was 
actually reduced compared with intracoronary lactate. 
А similar reduction occurred after the long intracoro- 
nary infusion of amrinone in the patient with poor left 
ventricular function but not in the patient with good 
function. These differences were, however, small and 
are probably not clinically important even though 
significant. 

Coronary vascular resistance was reduced by the 
Short intracoronary infusions of amrinone in five of 
the six patients studied and unaltered in the other. 
Coronary vascular resistance was also reduced in the 
patient with poor left ventricular function who 
received the long infusion but increased in the patient 
with good function. The changes in coronary vascular 
resistance were detectable after the short amrinone 
infusion despite an interval of six minutes since the 
end of the infusion. The reduction in coronary vascu- 
lar resistance after intracoronary amrinone in patients 
with poor left ventricular function, although not 
significant, may be clinically important. These obser- 
vations are in accord with the reductions in 
arteriocoronary sinus oxygen difference after 
intravenous amrinone in this study as well as in simi- 
lar patients in other studies.2? It suggests that 
amrinone may have a direct coronary vasodilator 
effect in patients with ‘poor left ventricular function 
similar to that described in animal models.?? It also 
supports the observations that in vitro the vasodilator 
effects of amrinone are detectable at lower concentra- 
tions than the inotropic effects in both human and 
animal models.® 

The increase in coronary vascular resistance seen 
during the long intracoronary infusion of amrinone in 
the patient with good left ventricular function is sur- 
prising. A possible cause might be that patients with 
poor left ventricular function have relatively low car- 
diac stores of catecholamine. Thus coronary vessels in 
such patients are able to respond by direct vasodilata- 
tion to amrinone without a major effect from 
amrinone induced catecholamine release. In the 
patient with good left ventricular function intracoro- 
nary amrinone should also have tended to produce 
direct vasodilatation, but this might have been 
masked by vasoconstriction produced by amrinone 
induced catecholamine release. Nevertheless, during 
the intracoronary infusion of amrinone the patient 
with good left ventricular function showed no evi- 
dence of an increase in contractility, which might 
have been expected if cardiac catecholamine stores 
were being liberated, and this hypothesis cannot 
easily be tested. 


Effects of intracoronary and intravenous amrinone infusions 


In the present study we did find evidence to sup- 
port the view that intravenous amrinone can produce 
systemic release of catecholamine. As in a previous 
study, we showed that, although contractility did not 
increase for the group as a whole after intravenous 
amrinone, changes in contractility in individual 
patients were related to metabolic alterations 
(increased free fatty acid, glycerol, and glucose con- 
centrations), which suggests that they might be the 
result of catecholamine release.?33 Indeed, in the 
present study the metabolic changes after 1-5 mg/kg 
intravenous amrinone were identical to those we have 
previously described in a similar group of patients 
after the same dose of the intravenous drug.? 

We also showed that improvements in left ventricu- 
lar ejection fraction after intravenous amrinone were 
inversely related to control ejection fraction. The 
most beneficial changes in other haemodynamic and 
metabolic variables after the drug were found in the 


patients with the worst control haemodynamic values. - 


These findings alone would suggest that the effects of 
intravenous amrinone in cardiac failure are predomi- 
nately the result of altered loading, even if the effects 
of intracoronary infusion of amrinone had been less 
convincing. 

Overall these findings agree with our previous 
observations that in patients with chronic heart failure 
improvements in haemodynamics after intravenous 
amrinone are the result of vasodilatation with no evi- 
dence of a direct positive inotropic effect.3!° In such 
patients any improvement seen in contractility is 
likely to be due to the release of catecholamine.? 

In patients with milder degrees of heart failure an 
additional direct positive inotropic effect with high 
concentrations of amrinone cannot be entirely 
excluded. If présent in such a patient, however, this 
effect coupled with the drug's powerful vasodilator 
properties might prove disadvantageous because the 
possible increase in heart rate coupled with excessive 
reductions in preload, coronary perfusion pressure, 
and myocardial efficiency may worsen myocardial 
ischaemia, without the benefit of an appreciable 
increase in cardiac index. 

The intracoronary infusions confirmed that at con- 
centrations of the drug likely to be achieved without 
adverse effects during long term oral treatment (that 
is, «2-5 ug/ml26) amrinone has no positive inotropic 
effects in human myocardium whether it is from 
patients with heart failure or nearly normal subjects. 

This study highlights the dangers of extrapolating 
from experiments using very high concentrations of 
drugs in isolated normal animal myocardium to lower 
(non-toxic) concentrations in the intact patient, with- 
out giving sufficient consideration to additional direct 
and indirect effects they may have on vessels and the 
neuroendocrine systems. 
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Preoperative prediction of prosthesis size using cross 
sectional echocardiography in patients requiring aortic 
valve replacement 


A MACKAY, M BEEN, E RODRIGUES, J MURCHISON, D P DE BONO 
From the Department of Cardiology, Royal Infirmary, Edinburgh 


SUMMARY In 43 patients who underwent aortic valve replacement for aortic stenosis with or without 
regurgitation the accuracy of preoperative left ventricular angiography, parasternal long axis cross 
sectional echocardiography of left ventricular outflow tract and proximal ascending aorta, and M 
mode echocardiography of aortic root in predicting aortic root size and thereby prosthesis size was 
compared. Cross sectional echocardiographic measurements and angiographic measurements of 
aortic root correlated well with prosthesis size, with over two thirds of the indirect measurements 
being within 2 mm of prosthesis diameter. M mode echocardiography did not yield useful predictive 
information. Non-invasive preoperative evaluation of patients likely to require aortic valve replace- 
ment may be-usefully extended to include aortic root dimensions measured by cross sectional 


echocardiography. 


Surgical replacement. of the aortic valve is the 
definitive treatment of.severe aortic stenosis or regur- 
gitation in adults. It is preferable-to pérform aortic 
valve replacement electively; even in-the absence of 
severe symptoms, rather than-to await decompensa- 
tion and the less predictable results of emergency 
surgery. This requires physicians and surgeons to 
consider all relevant information relating to the 
advisability, timing, and technique of the procedure. 
The invasive investigation of patients with aortic 
stenosis by cardiac catheterisation causes a small but 
measurable risk, and there is increasing interest in the 
possibility that adequate preoperative information 
might be obtained by non-invasive techniques such as 
echocardiography.!? Echocardiography is useful in 
the diagnosis of aortic stenosis and regurgitation and, 
with certain limitations, in assessing their severity. 5 
It can give an estimate of left ventricular function and 
identify associated lesions of other valves. Its inability 
to detect coronary lesions may not be a major handi- 
cap in the absence of angina.? 

We considered that an additional factor, the size of. 
the aortic root, should also be assessed preoperatively. 
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Thus in this study we compared angiographic, M 
mode echocardiographic, and cross sectional echocar- 
diographic preoperative assessments of aortic root size 
with the findings at surgery and the size of the valve 
prosthesis used in 43 patients undergoing aortic valve 
replacement. 


Patients and methods 


Forty three patients with aortic stenosis with or with- 
out aortic regurgitation who underwent elective aortic 
valve replacement at this hospital were studied. 
Thirty were men, 13 women. Their ages at the time of 
operation ranged from 23 to 72 (mean 57-6) years. In 
addition to aortic valve replacement four patients also 
underwent coronary artery bypass graft surgery, four 
mitral valve replacement, two open mitral valvotomy, 
and one pericardectomy. Of the aortic valves 
implanted, 17 were Bjórk-Shiley prostheses (19- 
31 mm), 13 Ionescu-Shiley prostheses (21-27 mm), 
seven Hancock prostheses (21-29 mm), and six 
Carpentier-Edwards prostheses (23-25 mm). In each 
case the internal diameter of the aortic annulus was 
measured with a plastic sizer before the prosthesis was 
sutured in situ. All prostheses were implanted at the 
level of the aortic annulus. 

As part of their preoperative assessment all 
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Fig. 1 Diagram showing basis of echocardiogram 
measurements on parasternal long axis view of left ventricular 
outflow tract and proximal ascending aorta. (A) delineates aortic 
root measurement from luminal surface to luminal surface, and 
(B) the diameter at the sinus of Valsalva level. (C), (D), and 
(E) (broken lines) show the possible variations of M mode 
measurements of aortic root size depending on the siting and 
angulation of the transducer. 


patients underwent M mode and cross sectional 
echocardiography and cardiac  catheterisation. 
Echocardiography was performed using an Irex Sys- 
tem III real time phased array imaging system (Irex 
Medical Systems, New Jersey, USA) with patients 
lying supine or in the left semilateral position. A 2:5 
MHz transducer was used to obtain cross sectional 
parasternal long axis views of the left ventricle, left 
ventricular outflow tract, aortic valve, and proximal 
ascending aorta, as well as short axis views of the left 
ventricle and aortic root. Measurements were made 
on the long axis recordings. À 2-25 MHz transducer 
was used to obtain M. mode recordings of the aortic 
root. In some patients calcification in the region of the 
aortic root and valve made cross sectional (n=4) or M 
mode (п=14) records unsuitable for quantitative 
analysis. Left ventricular angiography in the 30? right 
anterior oblique projection was performed by stan- 
dard techniques using Urografin 370. Angiograms 
were recorded in all except eight patients, in whom a 
severely disorganised valve could not be crossed. 
Four observers participated in the study. Each 
record was measured in triplicate by two observers 
independently. Measurements were made on cross 
sectional echocardiograms and left ventricular angio- 
grams according to a predetermined protocol. Aortic 
root size (A) (Fig. 1) was measured from luminal sur- 
face to luminal surface, from the point where inter- 
ventricular septum became anterior aortic root to the 
point where anterior mitral valve cusp became pos- 
terior aortic root. Further measurements (B) (Fig. 1) 
were taken parallel to the root measurements at the 
point of maximum aortic diameter in the region of the 
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Table Correlation of indirectly measured aortic root dimensions 
with prosthesis valve size 


Technique and measurement Correlation p value 
coefficient 
Cross sectional echocardiogram: 
Root size 0-68 «0-001 
Sinus of Valsalva size 0-45 <0-02 
M mode echocardiogram: 
Valve level 0-22 0-05 
Left ventricular angiogram: 
Root size 0-62 «0-001 
Sinus of Valsalva size 0.58 «0-001 


sinuses of Valsalva, again from luminal surface to 
luminal surface. M mode measurements were taken at 
the aortic valve level from luminal surface to luminal 
surface at the end of ventricular diastole. 

Linear regression analysis was used to compare 
indirect measurements of aortic size with the dimen- 
sions of the prosthetic valves at subsequent surgery. 


Results 


There was good correlation (Table) between the size 
of the aortic annulus, as assessed at surgery and 
reflected in prosthesis size, and the angiographic or 
cross sectional echocardiographic estimates of aortic 
root size (Fig. 2) (coefficients of correlation 0-62, 0-68 
respectively). Indirect measurements of root size 
tended to underestimate prosthesis size, but the dif- 
ferences were not large. Seventy two per cent of cross 
sectional echocardiogram: measurements (n=39) and 
70% of angiographic measurements (n=35) were 
within 2mm of the prosthesis size used at operation. 
Cross sectional echocardiography also detected two 
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Fig. 2 Correlation of cross sectional echo measurements of 
aortic root size with prosthesis dimensions at subsequent surgery. 
у=0:57х+10-4; п=39; r=0-68; p «0-001. 


Preoperative prediction of prosthesis size using cross sectional echocardiography 


cases of subvalvar aortic stenosis associated with val- 
var stenosis. i 

There was little variation between the observations 
of pairs of observers reporting both cross sectional 
echocardiographic (coefficient of correlation 0-94, 
0-91) and angiographic (coefficient of correlation 0-89, 
0:92) data. 

M. mode assessments were less closely correlated 
with prosthesis size, only 42% of M mode meaasure- 
ments lying within 5 mm of the prosthesis size used. 


Discussion 


The optimum choice of aortic valve prosthesis is still 
controversial. Mechanical prostheses have a longer 
track record than xenografts or pericardial tissue 
valves, particularly in young patients, but are 
haemodynamically less efficient. Use of the smaller 
size of mechanical prosthesis may be associated with a 
persisting left ventricular outflow gradient after 
surgery, so called patient-prosthesis mismatch.$ 
Techniques are available to increase aortic root diam- 
eter by inserting a gusset,’ 5 but they increase opera- 
tion time and the risk of haemorrhagic complications. 
It is also possible to insert a valve in a supra-annular 
position, when special care is needed not to obstruct 
the coronary ostia. Preoperative knowledge of the size 
of the aortic root will be a factor that will help to 
predict the requirements of individual patients. In 
turn, knowledge of the type of valve or procedure 
likely to be needed may influence the timing of 
surgery. It is also important for the surgeon to know 
of any subvalvar aortic obstruction since failure to 
relieve this will negate the effects of valve replace- 
ment. Finally the extent of calcification in the aortic 
valve ring and its possible extension into the crus cor- 
dis may be relevant information in predicting the ease 
and safety of valve replacement. 

The present study indicates that real time cross sec- 
tional echocardiography and angiography correlate 
well in their estimates of aortic root size and are 
equally effective in predicting the size of the pros- 
thesis that may be used but that M mode echocardi- 
ography is less effective. It is recognised that assess- 
ment of aortic root size at surgery using a sizer is 
prone to inaccuracy, but, nevertheless, it is a practical 
procedure related to the size of prosthesis to be 
implanted. А further potential source of error might 
be supra-annular positioning of prostheses, but in this 
study in no instance did the surgeon record implanta- 
tion of a prosthesis at a site other than that of the 
aortic annulus. Our echocardiographic findings are in 
agreement with those of a recent study in which a 
small number of patients with aortic stenosis was 
studied,? while the value of invasive investigation by 
angiography in determining aortic root size has been 
previously demonstrated. !? 

Cross sectional echocardiography is also effective in 
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providing information about subvalvar stenosis and 
calcification of the crus cordis, but technical factors 
related to the shape of the chest and the disposition of 
the heart may prevent satisfactory recordings being 
obtained in all patients. 

M mode echocardiography has been regarded as а 
reliable technique for measuring aortic root diameter 
in normal subjects or those with non-calcific aortic 
valve disease.!! Its lack of efficacy in the present study 
largely reflects the difficulty in orientating the trans- 
ducer reliably (Fig. 1) in the presence of multiple 
strong echoes from calcific material and in deciding 
the precise boundaries of the aortic root.!? 

In summary, we have found that either angio- 
graphic or cross sectional echocardiographic meas- 
urements of aortic root size can help to predict the size 
of prosthesis that can be accommodated, and we sug- 
gest that their measurement should be part of the 
routine assessment of patients for aortic valve 
replacement. The echocardiographic measurements 
may be particularly useful when valve replacement is 
undertaken without prior angiography, a course 
which has been increasingly supported for patients 
without angina.? 
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Mechanism of late failure of the Alvarez disc valve 


prosthesis 


JOHN L СІВВЅ,{ G ALBAN DAVIES,* ANNE SCHOFIELD,* GILL A WHARTON,t 


DAVID А WATSON,* LEON M GERLIS* 


From the *Cardiac Research Unit and +Non Invasive Heart Unit, Killingbeck Hospital, Leeds 


SUMMARY An Alvarez disc valve prosthesis had been implanted in the mitral and tricuspid positions 
in 15 patients between 1964 and 1967 in this hospital. Of these 15 patients, only three survived 
longer than 10 years, all three dying unexpectedly between 16 and 18 years postoperatively. Two 
deaths were a direct result of disruption of the Alvarez prosthesis. The third patient was not 
examined at necropsy, but in retrospect the history was highly suggestive of valve malfunction. 
Cross sectional and pulsed Doppler echocardiography made valuable contributions to the diagnosis 
in both cases of valve disruption and, when available, should be part of the primary investigation of 


suspected prosthetic heart valve failure. 


The Alvarez valve prosthesis is liable to erosive wear which may cause late detachment of the disc 
from the valve ring with abrupt and catastrophic haemodynamic consequences. 


The Alvarez disc valve prosthesis, made of poly- 
propylene, was developed at the Experimental Surgi- 
cal Unit at the Postgraduate Medical School, London, 
in the early 1960s.! It was first introduced into clinical 
use in 1964. Fifteen of these prostheses were 
implanted at Killingbeck Hospital between 1964 and 
1967,? seven in the mitral position and eight in the 
tricuspid position. One valve in the tricuspid position 
was replaced by a different prosthesis after the 
development of paraprosthetic leak, and two patients 
died perioperatively. Of the 12 remaining patients, 
nine died within five years of operation (without evi- 
dence of valve failure) and three survived longer than 
10 years. One of these three patients died after a 48 
hour pyrexial illness in 1983 and the other two died in 
1984 as a direct result of mechanical failure of the 
Alvarez prosthesis. In these two patients the valve 
disc had become detached from the valve ring owing 
to erosion of the polypropylene disc struts. 

Use of the Alvarez prosthesis was abandoned at this 
hospital in 1967 because of the high incidence (62-196) 
of thromboembolic complications reported when the 
prosthesis was used in the mitral position.? 
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Patients and methods 


CASE REPORTS 

Case 1 

A 61 year old man was admitted for investigation of 
jaundice and hepatomegaly. Eighteen years previ- 
ously he had undergone aortic, mitral, and tricuspid 
valve replacements for rheumatic valve disease with a 
No 10 Starr-Edwards, a No 3 Starr-Edwards, and a 
2-25 cm Alvarez prosthesis respectively. Initial inves- 
tigation suggested cholelithiasis. During induction of 
anaesthesia before cholecystectomy he suffered a car- 
diac arrest, from which he made a good recovery, but 
after this he found his exercise tolerance had deterior- 
ated. He was readmitted at a later date, and endo- 
Scopic retrograde cannulation of the pancreatic duct 
and a sphincterotomy were performed under antibio- 
tic cover. After this procedure he became pyrexial and 
increasingly icteric, with signs of worsening right 
heart failure and a low cardiac output. The chest 
radiograph showed gross cardiomegaly and the elec- 
trocardiogram widespread repolarisation changes. 
Echocardiography showed moderately impaired left 
ventricular function, with a dilated and poorly con- 
tracting right ventricle. The aortic and mitral Starr- 
Edwards prosthetic valves appeared normal, but the 
tricuspid valve disc was not visible. Pulsed Doppler 
echocardiography showed very high blood velocitie 
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across the tricuspid valve (Fig. 1a) and no prosthetic 
valve clicks were detected, strongly suggesting valve 
malfunction. Despite intensive supportive therapy, 
the patient died two days later. 
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Fig. 1 Pulsed Doppler echocardiograms of (a) right ventricular 
inflow in case 1 showing abnormally increased peak velocity with 
aliasing above 100 cm/s, approximately twice the normal value; 
and ( b) left ventricular inflow in case 2 showing a bizarre pattern 
with multiple abnormal velocity waves (arrowed) due to the 
chaotic motion of the valve disc within the left ventricle. 


At necropsy the heart was found to be considerably 
enlarged. When the right lung was removed the disc 
of the Alvarez tricuspid valve was found to lie in the 
right pulmonary artery. The valve ring had remained 
in the tricuspid position. The mitral and aortic pros- 
theses appeared to be normal. Closer examination of 
the Alvarez prosthesis showed considerable areas of 
wear (Fig. 2), particularly of the disc struts, which 
had been worn down to a shark’s tooth appearance 
and were considerably diminished in size, allowing 
the disc to displace freely from its ring. The ring itself 
was also worn in the area of contact with the strut. 
There were multiple pigment stones in the gall blad- 
der, and the liver showed severe cardiac cirrhosis. 


Case 2 
A 56 year old woman suffered a cardiac arrest on the 
way to hospital, having become acutely and severely 


dyspnoeic. A prolonged resuscitation procedure 
resulted in restoration of cardiac output followed by 
status epilepticus. Sixteen years earlier she had 
undergone mitral valve replacement with a 2-25 cm 
Alvarez prosthesis for rheumatic valve disease. 

Examination of the cardiovascular system showed 
pronounced hypotension, a hyperdynamic left ven- 
tricular impulse, loud prosthetic valve clicks, and a 
soft systolic murmur audible at the left sternal edge. 
The chest radiograph showed gross cardiomegaly with 
pulmonary oedema and the electrocardiogram a 
bizarre cardiac rhythm. Echocardiography showed a 
well contracting, hypertrophied left ventricle which 
contained a freely moving echo dense object (Fig. 3 
This appeared to merge with the mitral valve ring in 
systole and to move rapidly to the apex of the ventricle 
in diastole. Doppler echocardiography produced high 
pitched squeaking sounds in place of the usual 
prosthetic valve clicks and showed a bizarre flow vel- 
ocity pattern in the left ventricular inflow tract (Fig. 
lb). A diagnosis of mechanical prostheuc valve failure 
was made, but the patient failed to show any sign of 
cerebral recovery. Her condition rapidly deteriorated 
and she died 24 hours later. 

At necropsy the valve disc was found to be lying in 
the valve ring but with the struts in an abnormal posi- 
tion. When the heart was lifted up the disc fell freely 
into the left ventricular cavity, returning to its previ- 
ous position when the heart was inverted. As in the 
patient in case 1 the prosthesis showed signs of 
advanced erosion of the disc struts, which again were 
sharpened and greatly reduced in size, allowing the 
disc to move freely in and out of the valve ring. The 
disc also showed considerable wear at its point of 
diastolic contact with the ring, which could well have 
produced prosthetic leakage. The valve ring itself was 
worn in a similar fashion to that in the first patient 
(case 1) in the area of contact with the disc struts 
(Fig. 4). 


Case 3 

A 44 year old man, who had undergone mitral (Starr- 
Edwards) and tricuspid (Alvarez) valve replacement 
in 1967, was admitted to his local hospital having 
become suddenly unwell with diarrhoea, pyrexia, and 
confusion. He was found to have a severely raised 
jugular venous pressure and Gram positive bac- 
teraemia. Despite an initial apparent improvement 
after antibiotic treatment, he developed disseminated 
intravascular coagulopathy and suffered a cardiac 
arrest from which he did not recover. Unfortunately, 
a necropsy was not performed. The short history pre- 
ceding death had similarities with that in the patient 
in case 1, and retrospective review of the case records 
showed that the pronounced increase in jugular ven- 
ous pressure had not been present at a recent out- 
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Fig.2 (a) The valve disc and ring in case 1 showing the areas of wear (arrowed), which allowed the disc to displace. The ring is 
шот at the site of contact with the retaining struts of the disc, which are themselves badly eroded. (b) The areas of disc wear are seen 
more clearly in profile. The extent of wear is emphasised by comparison with an unused Alvarez prosthesis ((c) and (d)) 





Fig. 3 Cross sectional echocardiogram in the apical four 
chamber view in case 2 showing the echo dense valve disc lying 
within the left ventricular cavity (LV). 


patient assessment. Without postmortem information 
there can be no proof of prosthetic valve disruption 


causing this patient's unexpected death, but there is a 
strong possibility that this was the case. 


Discussion 


Diagnosis of prosthetic valve mechanical failure may 
be difficult. Muffled or absent prosthetic clicks may 
be a valuable indicator of valve malfunction,*^* and 
particular emphasis has been placed on the impor 
tance of the opening sound of the Starr- Edwards pros- 
thesis in the aortic position." Phonocardiography may 
be useful in detecting more subtle changes in prosthe- 
tic sounds.*  Echocardiographic assessment of 
prosthetic ball? or disc!? motion may provide useful 
information, particularly in valve obstruction, and 
assessment of left ventricular function can help to 
exclude poor myocardial contraction as a cause о! 
diminished click volume.'! Nevertheless, even when 
these techniques together with fluoroscopic screening 
of the valve are used, discernible abnormalities тау 
occur only when damage to the prosthesis is well 
advanced.’ !? 

Our second patient (case 2) is the first reported in 
whom the valve clicks were increased rather than 


Mechanism of late failure of the Alvarez disc valve prosthesis 513 





Fig.4 Morphological appearance of the prosthetic valve removed from case 2. (a) The disc has been replaced in its correct position in 
the valve ring. The ring itself has worn (arrows) considerably more than that in case 1. (b) shows the extent of strut erosion (arrows). 


diminished despite complete separation of the disc 
from the valve ring. This was undoubtedly due to the 
continued movement of the disc within the left ven- 
tricular cavity. The disc struts, which are an integral 
part of the disc, probably prevented it from being 
ejected from the heart. Valve clicks were, however, 
absent in two reported cases in which the Bjórk-Shiley 
discs remained within the left ventricle? and the left 
atrium? after valve disruption, despite the discs lying 
free within the heart cavities at the time of emergency 
reoperation. 

In two of our patients (cases 1 and 2) cross sectional 
and pulsed Doppler echocardiography made impor- 
tant contributions to the diagnosis. Doppler may pro- 
vide useful information on prosthetic valve obstruc- 
tion and paraprosthetic leak in aortic,'* mitral,!5 !* 
and tricuspid!? positions; our first two cases indicate 
that it may also be invaluable in the diagnosis of valve 
disruption. We now regard both these investigations 
as an essential part of evaluation of prosthetic valve 
malfunction. 

There can be no doubt that immediate valve 
replacement is the only effective treatment for valve 
disruption.*77 !! !? Neither of our first two patients 
underwent repeat surgery as one (case l) was 
septicaemic and in hepatic and renal failure and the 
diagnosis was uncertain; the other (case 2) failed to 
show evidence of recovery of cerebral function after 
her prolonged resuscitation procedure. 

The most common cause of embolisation of 
prosthetic valve discs is fracture of either the disc 
struts or the disc itself. Both major strut* !? and minor 
struts 6 18 fracture of the Bjórk-Shiley prosthesis with 
resulting disc embolisation have been reported, but 
there was little evidence of disc wear in these cases. 
Even the current pyrolitic carbon discs may frac- 


ture,!* and signs of very early disc burnishing have 
been reported in valves even after a few hours in 
patients who died on the operating table.?? Neverthe- 
less, the clinical performance of the Bjork-Shiley 
valve has been excellent overall, and Clark et al found 
only minimal signs of valve wear after 973 million 
cycles of accelerated fatigue testing.*! Titanium valve 
struts may also be liable to wear in the DeBakey ball 
valve.?? In contrast, Alvarez valve disruption in two 
of our patients (cases 1 and 2) occurred after approxi- 
mately 600 million cycles, by which time very 
advanced wear was apparent. 

Plastics might logically be expected to undergo 
more wear than harder materials such as pyrolite, and 
published reports support this. Severe wear of the 
Teflon disc of a Wada-Cutter valve may also occur 
with remarkably similar findings to those in our 
cases. The Beall valve Teflon disc has also been 
shown to undergo excessive wear in both its early and 
later strengthened forms.?* 25 


CONCLUSIONS 

The Alvarez disc valve is subject to severe wear, 
which may lead to valve disruption after approxi- 
mately five to six hundred million cardiac cycles. We 
strongly recommend that any patient with an Alvarez 
prosthesis be offered valve replacement. 

Plastics such as polypropylene and Teflon show 
signs of wear much earlier than pyrolite and titanium 
and are therefore unsuitable materials for the con- 
struction of prosthetic valve discs in their present 
forms. Prolonged in vitro accelerated fatigue testing 
may be necessary before serious wear is detected. 

The early diagnosis of prosthetic valve disruption is 
essential if the patient is to survive and may be greatly 
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assisted by cross sectional and pulsed Doppler 
echocardiography. 


We thank Mr Duncan Walker for permission to 
report case 2, Dr B Lynch for performing the post- 
mortem examination of case 1, and Dr S Apparacio 
for performing the postmortem examination of case 2. 


JLG, GAD, AS, and LMG are supported by the 


“7. National Heart Research Fund. 


References 


1 Melrose DG, Bentall HH, McMillan IKR, et al. Evolu- 
tion: of a mitral valve prosthesis. Lancet 1964; ii: 623—4. 

2 Edmunds L Н Jr, Wooler GH, Watson DA. Clinical 
experience with the Alvarez and Starr-Edwards prosthe- 
tic mitral valves. ў Thorac Cardiovasc Surg 1966; 51: 
185-94, | 

3 Mashhour YAS, Garcia JB, Ionescu M, Wooler GH. 
Mitral valve replacement with Alvarez prosthesis: long 

., term results. Thorax 1969; 24: 287-90. 

4 Larrieu AJ, Puglia E, Allen P. Strut fracture and disc 
embolization of'a Bjórk-Shiley mitral valve prosthesis: 
localization of embolized disc by computerized axial 
tomography. Ann Thorac Surg 1982; 34: 192—5. 

5 Ibarra F, Gutierrez A, Martinez F, Carreras L, Lopez C, 
Alonso-Lej F. Fracture of the outlet strut of a Björk- 
Shiley mitral prosthesis: emergency operation with sur- 
vival. F Thorac Cardiovasc Surg 1984; 87: 315-8. 

6 Sethia B, Quin RO, Bain WH. Disc embolisation after 
-. minor strut fracture à jn a Bjórk-Shiley mitral valve pros- 

thesis. Thorax 1983; 38: 390-1. 

7 Hylen JC. Mechanical malfunction and thrombosis of 

prosthetic heart valves. Am ў Cardiol 1972; 30: 396-404. 

8 Harrison EC, Roschke EJ, Matsuno M, Allen JW. Dou- 
ble opening sound related to dysfunction in a caged disc 

mitral valve prosthesis. Am 7 Cardiol 1974; 33: 300-3. 


9 Winters WL Jr, Giminez J, Soloff LA. Clinical applica- ` 


tion of ultrasound in the analysis of prosthetic bail func- 
tion. Am J Cardiol 1967; 19: 97—107. 

10 Johnson ML;-Holmes JH, Paton BC. Echocardiographic 
determination of mitral disc valve excursion. Circulation 
1973; 47: 1274—80. 

11 Chandraratna PAN, Lopez JM, Hildner FJ, Samet Р, 
Ben-Zvi J. Diagnosis of Bjórk-Shiley aortic valve dys- 
function by echocardiography. Am Heart j 1976; 91: 


Gibbs, Davies, Schofield, Wharton, Watson, Gerlis 


318-24. 

12 Joyce LD, Emery RW, Nicoloff DM. Ball variance and 
fracture of mitral valve prosthesis causing recurrent 
thromboemboli. 7 Thorac Cardiovasc Surg 1978; 75: 
309-12. ' 

13 McEnany MT, Wheeler EO, Austen WG. Survival fol- 
lowing fracture of strut from mitral prosthesis with disc 
translocation. ¥ Thorac Cardiovasc Surg 1979; 78: 136—9. 

14 Veyrat C, Cholot N, Abitbol С, Kalmanson D. Non- 
invasive diagnosis and assessment of aortic valve disease 
and evaluation of aortic prosthesis function using echo 
pulsed Doppler velocimetry. Br Heart ў 1980; 43: 393— 
413. 

15 Holen J, Simonsen S, Fréysaker T. An ultrasound Dop- 
pler technique for the noninvasive determination of the 
pressure gradient in the Bjórk-Shiley mitral valve. Circu- 
lation 1979; 59: 43642. 

16 Nitter-Hauge S. Doppler echocardiography in the study 
of patients with mitral disc valve prostheses. Br Heart ў 
1984; 51: 61—9. 

17 Veyrat C, Ollagnier J, Fremont D, et al. Jugular pulse 
and flow velocity anomalies: a diagnostic clue to an obs- 
tructive tricuspid prosthetic dysfunction. Eur ¥ Cardiol 
1980; 12: 195—205. 

18 Sacks SH, Northeast ADR, Watkins J. Late strut frac- 
ture in a Bjórk-Shiley valve prosthesis (current series). Br 

. Heart F 1984; 51: 578-80. 

19 Norenberg DD, Evans RW, Gundersen AE, Abellera 
RM. Fracture and embolization ofa Bjórk-Shiley disc: 
fatal failure of a prosthetic mitral valve. ў Thorac Car- 
diovasc Surg 1977; 74: 925—7. 

20 Silver MD.. Wear in Bjórk-Shiley heart valve prostheses 
recovered at necropsy or operation. 7 Thorac Cardiovasc 
Surg 1980; 79: 693-9. 

2] Clark RE, Swanson WM, Kardos JL, Hagen RW, 
Beauchamp RA. Durability of prosthetic heart valves. 
Ann Thorac Surg 1978; 26: 323-35. 

22 Paton BC, Pine MB. Aortic valve replacement with the 
De Bakey valve. ¥ Thorac Cardiovasc Surg 1976; 72: 
652-6. 

23 Cooper DKC, Sturridge MF. Acute massive mitral re- 
gurgitation from prosthetic valve dysfunction. Br Heart ӯ 
1976; 38: 701-5. 

24 Jost RG, McKnight RC, Roper CL. Failure of Beall 
mitral valve prosthesis. ў Thorac Cardiovasc Surg 1975; 
70: 163-5. 

25 Hildner ЕЈ, Robinson MJ. Complications of Beall valve 
prosthesis [Letter]. Am ў Cardiol 1972; 30: 922. 


British Heart Journal May 1985 Е XI 


NON-INVASIV 
DIAGNOSIS OF 
CARDIAC VALVE LESIONS 





Evaluation of Valve Lesions by Spectrum 
Analysis of Doppler Signatures of bloodflow 
through Mitral and Aortic Valves. 








* 2 Channel Spectrum 
Analyser with CW Doppler 

* High Resolution Full Colour Display 

* Simple Cost Effective Screening 

** On-screen ECG Signal 

* Fibre Optic Recorder Output 

* Independent Gain Controls to accentuate 
low amplitude regurgitant flow 


TM Doptek Ltd 
Dept CVL1 
Terminus Road 
Chichester Sussex PO19 2UR 


Tel: (0243) 774837 





TOSHIBA'S DUPLEX DOPPLER: 








Something exciting happened recently in ultra 
sound diagnosis. Toshiba introduced the electronic 
duplex doppler system - and continuous wave 
imaging took a giant leap forward 

It is the only doppler system, available today 
with steerable receive focus in CW-mode. Ambiguou: 
readings from aligned flows, as obtained with conven 
tional CW-doppler systems can now be minimized, а 


the system sensitivity is highest at the crosspoint only 


Using the same probe, you can switch from 


а 


PULSED to CW Doppler and measure flow: to 
15m/s- more than twice the usual « ipacity 

The SSH-40A phased array scanner has been 
developed for various cardiovascular applications of 
ultrasound. It is the most advanced diagnostic tool in 
its class, Employing Toshiba's renowned electronic 
circuit techni logy, the SSH-40A produces images ої 
the highest clarity and resolution. The SSH-60A is a 
very compact, lightweight and highly mobile 
with outstanding characteristic: 








The duplex doppler sector probe. 
The receiver lateral beam position can be 
adjusted to scan at varying depths. Opti- 
mum sensitivity occurs where the emitted 
signal (red dotted line) and the received 
andfocussed beam (light blue dotted line) 
intersect 











TOSHIBA 

Schieweg 1, 2627 AN Delft, Holland 

Tel. (015) 610121, Telex 38188 

TOSHIBA (America) Inc 

Medical Systems Division 2441, Michelle Driv 
Tustin, Ca. 92680 tel. (714) 730-5000 

telex 183-812 


TOSHIBA CORPORATION 
Intern. Operations-Electronic Product 


Medical Equipment & Systems div. 1-1, Shibaura 1-chomt 


Minato-Ku, Tokyo 105, Japan tel. 03-457 32 69 


telex 2258 














Reaching out to inner worlds 







XIV British Heart Journal May 1985 








Prolong protection against angina with 


CEDOCARD Retard-20 
isosorbide dinitrate, sustained release 


10-12 hours of protection on a single dose; 


easier compliance 
© 


b.d. dosage for all-day, all-night protection 
Са 


Steady release rate; no peaking, less headaches 


ce шеш infornration is available upon request from 
Tillotts Laboratories, Henlow Trading Estate, Henlow, Beds. 


Br Heart F 1985; 53: 515-9 


Double inlet ventricle 
Lung biopsy findings and implications for management 


ERNESTO JUANEDA, SHEILA GHAWORTH 
From the Department of Paediatric Cardiology, Institute of Child Health, London 


SUMMARY The lung was biopsied in 20 children with double inlet ventricle and pulmonary hyper- 
tension aged 2 months to 14 years. Eleven patients had two patent atrioventricular valves, three 
atresia of the right valve, and six hypoplasia of the left valve. Severe pulmonary arterial medial 
hypertrophy occurred in the nine children <1 year of age. The findings did not suggest a period of 
normality after birth when the pulmonary artery might have been banded most effectively. Of the 11 
older patients, eight had medial hypertrophy and three intimal proliferation with medial atrophy. 
Six patients with medial hypertrophy had some reduction in pulmonary arterial pressure after 
banding. 

It is recommended that the pulmonary artery be banded as early as possible, and rebanded early if 
a satisfactory result is not obtained, particularly in patients destined for a Fontan-Kreutzer proce- 
dure. Early atrial septectomy should reduce the arterial and venous abnormalities seen in left 


atrioventricular valve hypoplasia. 


The development of pulmonary vascular disease in 
patients with double inlet ventricle and an excessive 
pulmonary blood flow is thought to be similar to that 
seen in patients with a large isolated ventricular septal 
defect. Pulmonary vascular resistance is high after 
birth, reaches a nadir at six months, and is high in 
older children.! Banding of the pulmonary artery is 
recommended to prevent the development of pulmo- 
nary vascular obstructive disease and to allow regres- 
sion of any arterial medial hypertrophy that is already 
present. Recent advances in surgical technique, how- 
ever, demand a more precise understanding of the 
development of pulmonary vascular disease in this 
condition. А double inlet ventricle may be repaired by 
septation of the main chamber or by connecting the 
right atrium to the pulmonary artery with, if neces- 
sary, closure of the right atrioventricular valve, the 
Fontan-Kreutzer procedure.?? The risk of septation 
is increased when pulmonary vascular resistance is 
raised, although the severity of pulmonary vascular 
disease that characterises the increase in mortality is 
not known.^ There are two reports of mortality being 
significantly higher after a Fontan-Kreutzer proce- 
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dure in patients with a "single ventricle" than in those 
with classical tricuspid atresia, without there being an 
obvious explanation.^ 5 

A recent small study suggested that the risk of a 
Fontan procedure is higher in patients with a double 
inlet ventricle and an increase in pulmonary blood 
flow than in those with classical tricuspid atresia and 
hypoperfusion because pulmonary vascular smooth 
muscle can be increased in such patients even when 
the pulmonary artery has been banded and the criteria 
for a Fontan operation have been largely fulfilled.? 
These observations suggest that it is crucial to band 
the pulmonary artery at an age when there is the 
greatest likelihood of achieving a normal pulmonary 
vascular bed subsequently. We have therefore studied 
the pulmonary vascular changes in lung biopsy 
specimens from 20 patients with a double inlet ventri- 
cle, usually before the pulmonary artery was banded. 
Eleven patients had two patent atrioventricular val- 
ves, three atresia of the right valve, and six hypoplasia 
of the left atrioventricular valve. 


Patients and methods 


The 20 patients were aged between 2 months and 14-5 
years. Nine were boys and 11 girls. Table 1 shows the 
clinical and haemodynamic data. Eighty per cent of 


515 


516 


Juaneda, Haworth 


Table 1 Double inlet ventricle in patients with two patent atrioventricular valves and in those with atresia of the right or left 











atrioventricular valve 

Case Additional Age at Cardiac catheterisation results at lung biopsy Outcome 

No diagnosis biopsy 

PAP SAP Qp:Qs Rp:Rs Rpa 96 Oxygen 
(mm Hg) (mm Hg) (units m?) saturation 
р Patent atrioventricular valves 
1 TGA 3 moth 75/30 75/40 28 0:36 5-4 88 PAB (twice), alive 
2 Dextrocardia 5 mnth 66/10 70/40 — — 1-8 — Died during PAB 
3 TGA, PDA 5-5 mnth 80/40 80/50 1 0-90 10-4 75 Alive* 
4 PDA 7 mnth 60/25 70/35 82 0-10 21 — Alive* 
5 TGA 8 math 80/30 80/50 — — — 67 Alive* 
6 PS 8 mnth 45/? 80/? — — — — Died during Fontan 
procedure, aged 7-5 yr 
7 — 1-5 yr 90/45 90/45 2:4 0-35 3-4 87 PAB (twice), alive 
B — 1:9 yr 70/35 70/40 0-9 1-00 13-3 69 Blalock-Hanlon 
septectomy performed 
at time of lung biopsy, 
alive* 
9 TGA, PS 3.5 yr 46/28 88/? 25 I — — Alive* 

10 — 5 yr 90/50 90/50 — — — — Alive* 

11 — 7:5 yr 68/42 75/54 45 0-15 2-7 89 Died during Fontan 
procedure, aged 8 yr 

Atresia of right atrioventricular valve 

12 TGA 6 mnth 85/40 100/70 21 0-32 11-0 77 Alive* 

13 — 1-9 yr 100/40 100/60 L8 1:00 13-0 68 Died during PAB 

14 — 5-3 yr 80/40 85/40 43 — 3.0 95 Alive* 

Hypoplasia of left atrioventricular valve 

15 — 2 mnth 70/? 75/45 — — — — Blalock-Hanlon 
septectomy performed 
at time of lung biopsy. 
Died during Fontan 
procedure, aged 5 yr 

16 Coarctationt 2-5 mnth 70/35 70/35 34 0-2 5-2 9] Died during Blalock- 
Hanlon septectomy 

17 — 3-7 yr 28/15 86/52 — — — 72 PAB at 9 mnth, alive 

18 — 4-9 yr 85/65 85/50 07 1-8 20-5 77 Alive* 

19 — 8-8 yr 75/40 88/58 0-8 0-9 16-0 75 Blalock-Hanlon 
septectomy performed 
at time of lung biopsy, 

` alive* 

20 CHB 14-5 yr 103/39 98/67 0-9 — 9-0 88 Blalock-Hanlon 
Septectomy performed 
at dme of lung biopsy, 


alive* 


И eaeeeeeaIaaaaiħÃĂ 


*Having had banding of the pulmonary artery. 
{Mean pressure gradient 10 mm Hg. 
CHB, complete heart block; PAB, pulmonary arte 


band; PAP, pulmonary arterial pressure; 


PDA, persistent ductus arteriosus; 


PS, pulmonary stenosis; Qp:Qs, pulmonary to systemic blood flow ratio; Rpa, pulmonary arteriolar resistance; Rp:Rs, pulmonary to systemic 
resistance ratio; SAP, systemic artery pressure; TGA, transposition of great arteries. 


patients were on or below the twenty fifth centile for 
weight, 45% being below the third centile. All the 
patients were or had béen in cardiac failure. The chest 
radiograph showed cardiac enlargement and an 
increase in pulmonary vascular markings in all 
patients except one (case 6), who had mild pulmonary 
stenosis. Nineteen patients had pulmonary hyperten- 
sion (Table 1). The pulmonary arteriolar resistance 
was 1:8—5-4 units m? in seven patients and at least 9 
units m? in seven, three with and four without left 
atrioventricular valve hypoplasia. In 18 patients the 
lung was biopsied at thoracotomy for banding the 
pulmonary artery or electively in unbanded patients 
to help decide the management of the case, or in one 


patient (case 20) at the time of insertion of a 
pacemaker and a Blalock-Hanlon operation. In one 
other patient (case 16) lung tissue was obtained when 
the patient died immediately after atrial septectomy. 
Only in one patient (case 17) had the pulmonary 
artery been banded before the lung was biopsied. The 
time interval between cardiac catheterisation and 
biopsy was short, less than one month in 17 cases and 
four months in two cases. To date 14 patients are alive 
and well without corrective surgery, the pulmonary 
artery having been banded in all except one (case 20). 
Two children died immediately after the pulmonary 
artery was banded, one (case 16) after atrial septec- 
tomy and three immediately after a Fontan proce- 
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Table 2 Haemodynamic effect of banding the pulmonary artery 
Case No Age at biopsy Pre-banding Time interval Post-bandi: Rpa 
and banding mean PAP:SAP ratio mean PAP:SAP ratio 
1 3 mnth 0-9 2 mnth 0-5 31 
6 7 moth 0-8 3 yr 0-2 — 
7 1:5 yr 1:0 2yr 0-6} — 
' 12 7 mnth 0:7 6 mnth 0:5 3.6 
* 15 2 mnth* — 9 mnth 0-4 47 
17 9 mntht — 2:8 yr 03 — 
19 8-8 yr* 0-7 6 mnth 0-4 3-1 





*Blalock-Hanlon operation. 
Ties before biopsy performed. 


One year after a second banding operation the mean pressure ratio was 0-2. 
PAP, pulmonary artery pressure; SAP, systemic artery pressure; Кра, pulmonary arteriolar resistance. 


dure. The time interval between the pulmonary artery 
banding and the Fontan operation was six years in 
case 6, six months in case 11, and four years in 
case 15. | 

Six patients in whom the lung was biopsied and the 
pulmonary artery banded underwent cardiac catheter- 
isation two months to three years later, and all showed 


é a reduction in pulmonary arterial pressure (Table 2). 


r 


PATHOLOGICAL STUDIES 

_ The lung biopsy specimens were taken when the lung 
was at least partially inflated and were fixed with the 
small airways and alveoli inflated. Paraffin embedded 
sections, 4 шт thick, were stained with haematoxylin 
and eosin, with Miller's elastic stain counter stained 
with Van Giesen's stain, and with Perl's stain for iron. 
In each biopsy specimen pulmonary vascular struc- 
iem analysed using quantitative morphometric 
techniques and the findings compared with the nor- 
mal for age.7®. Pulmonary arterial muscularity was 
assessed by determining the mean percentage arterial 
medial thickness of arteries in different size ranges. 
The proportion of muscular, partially muscular, and 


.. non-muscular arteries accompanying terminal and 


respiratory bronchioli- and alveolar ducts was also 
assessed in order to discover if muscle had differenti- 
ated in more peripheral arteries than is normal for 
age. In each biopsy specimen the size of the intra- 
acinar (respiratory unit) arteries was determined by 
measuring the external diameter of all arteries seen 
áccompanying terminal and respiratory bronchioli 
and alveolar ducts and estimating the mean external 
diameter at each airway level. The number of arteries 
was estimated by counting the number of alveoli and 
arteries within as many different microscopic fields as 
possible and calculating the mean ratio of alveoli to 
arteries. 

In each case the percentage arterial medial thick- 
ness in arteries of different size ranges was compared 
with the normal for age using two way non-orthogonal 
analysis of variance. Student's unpaired t test was 
used wheri comparing arterial size. 


Results 


All 20 patients showed.a significant increase in 
mean percentage arterial medial thickness (Figure) 
(p«0-0001). In the 11 patients (cases 1-11) with two 
atrioventricular valves mean percentage arterial 
medial thickness was greatest in the seven without 
either pulmonary stenosis or atrophy of the pulmo- 
nary arterial walls. The three patients (cases 12-14) 


38 





0 50 


.100 150 200 250 
External diameter (jum) 


Figure Mean percentage pulmonary arterial medial thickness 
related to external diameter (ит) in lung biopsy specimens taken 
from 20 patients with double inlet ventricle compared with 
normal. Numbers indicate case numbers. Arrows indicate those : 
patients who subsequently had a reduction in pulmonary arterial 
pressure after banding. *The only patient to have undergone 
banding before the lung was biopsied. 
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with atresia of the right atrioventricular valve tended 
to show a less pronounced increase in muscularity 
than the 11 patients without. In the six patients (cases 
15-20) with left atrioventricular valve hypoplasia 
muscularity was similar to that seen in cases 1-11 
except for the banded case (case 17) in which muscu- 
larity was relatively low. In each of the 20 patients the 
proportion of entirely muscularised arteries at each 


level was greater than expected for the age of the 


child, indicating that muscle had differentiated in 
more peripheral arteries than normal. 

Circumferential intimal proliferation tended to 
occur in the older patients aged =1-9 years and was 
found in the preacinar or the intra-acinar arteries or 
both of cases 8-11, 14, 18, and 20. The most severe 
intimal changes were present in case 8, and in this 
case and in cases 11 and 18 the media of alveolar duct 
and alveolar wall arteries was atrophied distal to thick 
walled arterial segments containing intimal prolifera- 
tion. Mild intimal proliferation was also present in the 
alveolar duct arteries of three younger patients (cases 
3, 4, and 6). 

In 14 of the 20 cases the preacinar veins were 
abnormally thick walled, and the small veins had 
developed an external elastic lamina and were 
*arterialised." The veins in five patients (cases 9, 10, 
and 18—20) showed intimal fibrosis. The lungs of the 
three oldest patients with left atrioventricular valve 
hypoplasia (cases 18—20) had the greatest increase in 
vein wall thickness and intimal fibrosis. 

The mean external diameter of arteries accompany- 
ing respiratory bronchiolar and alveolar duct arteries 
was normal in five cases, significantly increased at one 
or both of those positions in 12 (p« 0-01), and reduced 
in three (cases 18—20), the reduction being statistically 

. Significant in alveolar duct arteries (p« 0-001). The 
mean alveolar to arterial ratio was normal for age in 14 
of the 18 patients in whom it could be determined 
accurately. In the four abnormal cases (cases 8, 10, 
17, and 18) the mean ratio was 12-4—13-8 above the 
normal mean level for age (8-4—10-9) but within 1 
standard deviation of the normal mean value, suggest- 
ing that in no case was there a significant reduction in 
the number of arteries per unit area of lung tissue. 


Discussion 


In these 20 patients with double inlet ventricle there 
was a striking increase in pulmonary vascular smooth 
muscle that was rather less in those with atresia of the 
right atrioventricular valve than in those with two 
patent valves or left atrioventricular valve hypoplasia. 
The intra-acinar arteries were normal or even 
increased in size for age, and the number of intra- 
acinar arteries per unit area of lung was within normal 
limits. Only three of the 20 patients showed 
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significant obstructive pulmonary vascular disease, all 
were at least 1-9 years old and one had an obstructed 
left atrioventricular valve. Severe medial hypertrophy 
with little if any intimal proliferation was seen in 
patients «1 year of age. Excluding cases with right 
atrioventricular valve atresia, the increase in muscu- 
larity in patients with double inlet ventricle. and an 
increased pulmonary blood flow was greater than is 
usually seen in ventricular septal defect during the 
first year of life, although like patients with a ventricu- 
lar septal defect intimal proliferation was uncommon 
at this age. . 

Six patients whose lung biopsy specimens showed 
severe pulmonary arterial medial hypertrophy were 
recatheterised after banding the pulmonary artery, 
and it was reassuring to find that all had a reduction in 
pulmonary arterial pressure. Two of these six cases, 
however, had had to be rebanded in order to obtain a 
mean pulmonary to systemic arterial pressure ratio of 
<0-5. In addition, at recatheterisation at least four 
cases had a mean pulmonary arterial pressure and 
arteriolar resistance that exceeded or barely fulfilled 
the Fontan criteria. Given the pronounced increase in 
pulmonary vascular smooth muscle seen in the infant 
cases it is perhaps surprising that it may be difficult to 
band the pulmonary artery satisfactorily on the first 
occasion. The age at which the pulmonary artery is 
first banded might be important in this respect. If 
pulmonary vascular smooth muscle could be shown to 
regress significantly after birth before showing a sec- 
ondary increase in response to the high arterial pres- 
sure and flow then there might be an optimal age at 
which the pulmonary artery should be banded. In this 
series, however, the muscularity was high in four 
patients with double inlet ventricle without atresia or 
hypoplasia of either atrioventricular valve (aged 5—8 
months) and was similar to that seen in the older 
patients. This suggests that there is no ideal age at 
which to band the pulmonary artery, rather it should 
be banded as soon as possible. The risk of pulmonary 
artery banding is now low.^? Stefanelli et al banded 11 
patients with no hospital deaths and a 10 year actuar- 
ial survival of 74%. Banded patients with ventriculo- 
arterial discordance can develop subaortic obstruc- 
tion,!? but the only alternative to banding the pulmo- 
nary artery appears to be an intracardiac repair in 
infancy. 

The present study demonstrates the difficulty of 
predicting pulmonary vascular structure and “орега- 
bility” from the haemodynamic data. Two patients in 
the present study who had been banded died after a 
Fontan procedure with a mean pulmonary arterial 
pressure immediately before operation <20 mm Hg. 
Three patients previously reported died with a 
preoperative ‘mean pulmonary arterial pressure of 
14-25 mm Hg, and at necropsy all three cases showed 


Double inlet ventricle 


a significant increase in muscularity.* It seems prob- 
able that a low pulmonary arterial pressure in these 
banded patients does not necessarily imply a structur- 
ally normal pulmonary vascular bed, and if this is so 
and muscularity is increased then an intracardiac 
repair giving a ventricular rather than a atrial depen- 
dent pulmonary circulation might be associated with a 
lower operative morbidity and mortality. When the 
main chamber is septated, however, the outcome is 
less satisfactory in patients who do not have pulmo- 
nary stenosis. It appears that whatever type of 
intracardiac repair is expected every effort should be 
made to achieve a structurally normal pulmonary vas- 
cular bed beforehand. This may necessitate banding 
the pulmonary artery on two separate occasions or 
even ligating the pulmonary artery and performing an 
aortopulmonary anastomosis. | 

In patients with double inlet ventricle and left 
atrioventricular valve hypoplasia pulmonary venous 
obstruction exacerbates the pulmonary arterial hyper- 
tension. In the present series the three oldest patients 
with left atrioventricular valve hypoplasia showed a 
pronounced increase in vein wall as well as in arterial 
wall thickness and venous intimal fibrosis. Early atrial 
septectomy should help reduce such damage. In a 
recently published series there were no deaths in the 
14 patients undergoing atrial septectomy, and the 10 
year actuarial survival was 76%.“ 


EJ is a British Heart Foundation research fellow and 
SGH is supported by the British Heart Foundation. 
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SUMMARY Percutaneous pulmonary valvuloplasty was performed in 27 patients with congenital 
pulmonary valve stenosis. A fall in the transvalve gradient of at least 15 mm Hg occurred in 22 
patients. In five there was little change in the severity of the stenosis; in three of these the pulmonary 
valve was dysplastic. None of the successfully treated patients had a dysplastic valve. The two other 
failures, early in the series, were probably due to inadequate balloon size. In one patient the 
procedure was performed twice, with a successful result from the second dilatation with a larger 
balloon. Follow up studies in a further six patients showed no evidence of restenosis in those who 
had been successfully treated and no late improvement in the remainder. There were no important 
complications. 

Percutaneous pulmonary valvuloplasty should be the initial treatment for congenital pulmonary 


valve stenosis, although when the valve is dysplastic the result is less likely to be satisfactory. 


Much experience has been gained in the use of per- 
cutaneous balloon angioplasty for acquired peripheral 
vascular disease and also coronary artery діѕеаѕе.!-3 
In addition, the technique has recently been used to 
treat various congenital lesions including valvar pul- 
monary stenosis,* 9 valvar aortic stenosis,’ coarcta- 
tion, postoperative recoarctation,? and peripheral 
pulmonary artery stenosis.!? Here we report our 
experience with the technique in 27 patients with 
‚ congenital pulmonary valve stenosis. 


Patients and methods 


Percutaneous balloon valvuloplasty was attempted in 
27 patients with congenital pulmonary valve stenosis 
aged 6 days to 20 years (mean 5-9 years). One had 
undergone an open pulmonary valvotomy seven years 
before the procedure. None of the remainder had pre- 
viously been treated surgically. All the patients had 
clinical evidence of moderate to severe pulmonary 
valve stenosis. 

In five patients the procedure was performed under 
a general anaesthetic; in the remainder premedication 
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with pethidine or morphine was supplemented, if 
necessary, with intravenous ketamine. 

The right femoral vein was entered percutaneously 
and a sheath inserted. А cannula was inserted into the 


‘right femoral artery to monitor continuously the sys- 


temic arterial pressure. In one patient access was via a 
right brachial cutdown and in another via a left 
fermoral percutaneous puncture. Full diagnostic 
catheterisation was performed to confirm the diag- 
nosis and exclude any additional malformations. Only 
patients with a right ventricular systolic pressure grea- : 
ter than 50 mm Hg at rest were considered for val- 
vuloplasty. Right ventricular cineangiography was 
performed in the anterior-posterior and lateral projec- 
tions. The diagnosis of pulmonary valve stenosis was 
confirmed and the size of the pulmonary valve 
annulus measured. The external diameter of the 
catheter was used as a reference length to correct for 
magnification. The position of the pulmonary valve in 
relation to the spine in the anterior-posterior projec- 
tion was noted. 

À balloon dilatation catheter was selected once the 
size of the pulmonary valve annulus was known. In 
patients treated early in the series a catheter with a 
balloon 1 or 2 mm smaller in diameter than the 
annulus was chosen; in patients treated later a cathe- 
ter with a balloon equal to or 1 to 2 mm greater than 
the annulus was preferred. We used either a Surgimed 
angioplasty balloon catheter (maximum inflation pres- 
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sure approximately 10 atm) or a Meditech balloon 
dilatation catheter (maximum inflation pressure 
approximately 3-5 atm). 

Optimally, an end-hole catheter was manipulated 
into the left pulmonary artery, and through it a 
0:89 mm (0-035 inch) exchange guide wire was 
advanced into the left lower lobe pulmonary artery. In 
three patients the guide wire could be anchored sec- 
urely only in the right lower lobe pulmonary artery. 
The catheter was withdrawn, care being taken to 
maintain the position of the guide wire so that its tip 
remained well out in the pulmonary artery. The 
catheter and sheath were removed. A dilator equal to 
the external diameter of the uninflated balloon cathe- 
ter was used to dilate the entry site. Once the balloon 
catheter had been tested and the balloon purged of air 
the balloon was deflated and inserted over the guide 
wire. For the smaller balloon sizes a sheath was used. 

The balloon catheter was advanced until the esti- 
mated position of the pulmonary valve was at the 
centre of the balloon. The guide wire was left in place 
during the dilatation procedure. The balloon was then 
inflated to its maximum pressure with diluted contrast 
medium. In most cases an indentation at the site of 
the pulmonary valve was seen as the balloon was 
inflated. This was abolished as full inflation was 
achieved (Figure). The balloon was then rapidly 
deflated. The inflation-deflation cycle took 15 to 25 
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seconds. Before subsequent dilatations the position of 
the balloon was slightly adjusted if necessary. Bet- 
ween one and eight dilatations were performed in each 
case. 

Suction was maintained on the balloon catheter as it 
was withdrawn through the skin at the groin. An 
end-hole catheter was then reinserted over the guide 
wire into the left pulmonary artery. The pulmonary 
artery and right ventricular pressures on withdrawal 
were recorded. 

Clinical follow up took place one to six months after 
the procedure. Equilibrium gated radionuclide 
angiography was performed after the procedure in 10 
patients. One patient required a repeat valvuloplasty. 
In six other patients repeat cardiac catheterisations 
were performed. In two this was because the initial 
procedure had been unsuccessful and further surgical 
treatment was indicated. The minimum time between 
the initial valvuloplasty and follow up catheterisation 
was two months. 


Results 


The transvalve gradient fell by at least 15 mm Hg in 
22 patients. This was accompanied by a substantial 
decrease in the right ventricular pressure in 21 
patients. In one (case 24) the right ventricular pres- 
sure fell by only 10 mm Hg but the pulmonary artery 





Fig. A balloon catheter (a) partially inflated while across a stenotic pulmonary valve (the balloon is indented by the valve) 
and (b) fully inflated, when the indentation disappears. 
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pressure rose, producing a fall from 35 to 15 mm Hg 
in the gradient across the pulmonary valve. In five 
patients a satisfactory relief of the stenosis was not 
achieved. Of these five, one (case 9) had both valvar 
and subvalvar gradients, with a dysplastic valve. Two 
others (cases 6 and 13) also had dysplastic pulmonary 
valve leaflets as judged from the right ventricular 
angiograms. One of these two patients (case 6) had 
previously undergone an open pulmonary valvotomy. 
None of the patients in whom the outcome was suc- 
cessful was judged to have a dysplastic valve on the 
cineangiogram. 

One child (case 5) underwent the procedure twice. 
During the first dilatation, early in the series, a 
10mm Surgimed balloon catheter was used. The 
measured diameter of the pulmonary valve annulus 
was 13 mm. The right ventricular pressure fell from 
65 mm Hg to 55 mm Hg. Ten months later the right 
ventricular pressure was found to be 70 mm Hg so 
repeat valvuloplasty was performed with a 12 mm 
Meditech balloon catheter. The right ventricular 
pressure fell to 40 mm Hg. Table 1 shows the 
haemodynamic results in all patients. 

The mean (SD) ratio of systolic right ventricular to 
femoral artery pressure in all patients before dilatation 
was 0-81 (0-39) and immediately after valvuloplasty 
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0-47 (0-17). Comparing these results by a paired t test 
shows this to be a highly significant fall (7—5-22, 
p<0-001). The mean systolic pressure gradient from 
the right ventricle to the pulmonary artery before dila- 
tation was 64-4 (30-1) mm Hg; after dilatation it fell 
to 27-0 (12:1) mm Hg. Again a pairedt test shows this 
to be a highly significant fall (t—5-89, p<0-001). 

In most patients the systemic blood pressure fell 
during the time the balloon was inflated. In one (case 
2) there was no fall in the systolic blood pressure, even 
though a good result was achieved. The blood pres- 
sure rose again spontaneously in every case as the 
balloon was deflated. The longest period of hypoten- 
sion was 50 seconds (case 12). 

In 12 patients bradycardia developed during the 
balloon dilatation. This also was self limiting. One 
patient (case 13) developed complete heart block dur- 
ing the first dilatation with a ventricular rate of 40 
beats/minute. This reverted spontaneously to normal 
conduction after 120 seconds. In this case the patient 
had a dysplastic: valve; further dilatations were not 
attempted. 

Two of the older patients who were not fully 
sedated during the procedure lost conciousness when 
the balloon was inflated, and one 3 year old patient 
(case 23) had a convulsion that stopped when the bal- 


Table 1 Haemodynamic data from patients listed in chronological order 











Case Age Systolic pressures (mm Hg) Balloon Pulmonary 
No diameter valve 
Before After (mm) diameter 
RV PA FA RV PA FA 
1 11 years 65 20 125 40 15 110 12 13 
2 16 months 75 20 85 40 20 85 7-9 10 
3 years 60 25 100 45 25 100 9 16 
4 3 years 55 18 90 50 15 85 10 12 
5 J ist 16 months 65 20 90 55 18 90 10 13 
2nd 2 years 70 15 90 40 18 105 12 13 
6 17 years 80 10 115 60 10 125 20 24 
7 12 years 90 30 140 32 25 120 20 19 
8 6 days. 110 15 85 45 25 80 7 8 
9 5 months 70 15 70 60 15 75 7 11 
10 20 years 70 20 155 50 20 150 20 22 
11 7 years 95 20 120 28 20 130 15 14 
12 16 months 70 15 75 35 15 75 15 14 
13 1 month 95 15 90 90 90 10 10 
14 2 years 125 30 135 45 28 110 12 13 
15 11 years 75 25 105 35 15 70 12 12 
16 4 years 65 16 110 65 22 145 15 14* 
17 13 months 70 16 90 50 18 90 15 14 
18 5 years. 180 9 75 50 10 85 18 16 
19 6 years 125 18 105 55 20 95 15 14 
20 12 years 70 12 125 50 12 110 20 20 
21 14 years 85 22 150 35 18 135 20 18 
22 7 years 60 30 130 35 20 125 15 15 
23 3 years 135 15 110 35 15 110 12 13 
24 9 months 60 25 125 50 35 115 12 12 
25 4 years 90 25 110 50 15 95 12 12 
26 10 years 60 17 90 35 20 100 20 19 
27 8 years 75 20 125 50 25 140 20 19 
*Echocardiographic measurement. 


RV, right ventricle; PA, pulmonary artery; FA, femoral artery. 
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loon was deflated. The convulsion recurred during 
subsequent dilatations. 

No patient showed any neurological sequelae after 
pulmonary balloon valvuloplasty. Local complica- 
tions at the puncture site did not develop in any 
patient. All patients were discharged from hospital 
within four days except one infant, in whom the pro- 
cedure had failed, who underwent surgical val- 
votomy. ; 

On clinical follow up the quality of the murmur was 
judged to have changed in most of the successful 
cases. Clinical evidence of pulmonary incompetence 
was not found in any patient. Analysis of the equilib- 
rium gated radionuclide angiograms showed that the 
mean (SD) radionuclide ratio of left ventricular to 
right ventricular stroke counts was 1-2 (0-2). А ratio of 
less than 0-7 indicates right ventricular volume over- 
load.!! No patient fell into that category. 

Follow up studies showed that in the four patients 
judged to have a good immediate result the fall in 
right ventricular pressure was maintained. In two 
other patients, who had poor immediate results, there 
was no late fall in right ventricular pressure (Table 2). 


Table 2 Follow up data on six patients 








Caie Systolic pressures (mm Hg) 

No жаша чыыры a a ac Т 
RV PA FA 

1 45 22 125 

3 45 25 105 

6 75 15 125 

7 55 35 150 

8 40 15 85 

9 100 20 70 





RV, right ventricle; PA, pulmonary artery; FA, femoral artery. 
Discussion 


The results presented here together with previous 
published reports of percutaneous balloon pulmonary 
valvuloplasty*~ © 12 indicate that it can be an effective 
short term treatment for most patients with congenital 
pulmonary valve stenosis, including the newborn. 

No major complications of the technique have been 
reported, and in most cases the right ventricular pres- 
sure has fallen sufficiently after the procedure to pre- 
clude the need for further treatment. There is no clin- 
ical evidence that pulmonary regurgitation is caused 
by the procedure, and in our patients radionuclide 
studies did not show evidence of right ventricular vol- 
ume overload. These results compare favourably with 
those from open pulmonary valvotomy, where the 
postoperative right ventricular pressure is often 
40 mm Hg or more and pulmonary incompetence 
often occurs. i? 

It is not certain as yet how the valves subjected to 
balloon valvuloplasty are torn. In one case treated 
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under direct vision in our unit during surgery the 
valve was split along a fused commissure, but 
Lababidi and Wu have reported a case in which a 
bicupsid valve was torn into the cusp tissue itself.? 

The physical principles of the dilatation of stenoses 
with balloons indicate that to apply the maximum 
dilating force to the stenotic lesion the biggest balloon 
feasible should be used.!* This consideration led us to 
prefer a balloon equal to or slightly larger than the 
pulmonary valve annulus for the patients treated later 
in our series. Though we used balloons with both high 
and low maximum inflation pressures, our data are 
insufficient to judge whether better results are 
obtained with the high inflation pressure balloon. 

Generally the best results in our series of patients 
were seen in those with the highest initial right ven- 
tricular pressure. In those with lower pressures the 
results were not so dramatic, and follow up studies 
will be essential in judging the success of the techni- 
que. Of the six patients restudied, the four who had 
had a good immediate result had maintained the lower 
right ventricular pressure. There was no late fall in 
the two others, in whom the initial result was unsatis- 
factory. 

Results were unsatisfactory in five of our patients. 
In three the valve was dysplastic. Such valves may not 
be amenable to this form of treatment.* Indeed, we 
have not seen a successful outcome in any patient who 
appeared to have a dysplastic valve on cineangiogra- 
phy. In one of these three there was, in addition, a 
subvalvar obstruction, which despite being entirely 
muscular did not regress after the valvuloplasty. Two 
of these patients with dysplastic valves subsequently 
underwent surgery. Although the valve cusps in these 
patients were found to be thick and immobile, they 
were not fused. It is therefore not suprising that the 
balloon dilatation did not improve their function. 

In the two other patients in whom treatment was 
unsatisfactory we believe that the balloon used may 
have been too small. In one we had for technical 
reasons to rely on an echocardiographic measurement 
of the size of the pulmonary valve annulus. In our 
experience this has been less satisfactory than an 
angiographic measurement. Їп the other (case 4), 
treated early in the series, we used a 10 mm balloon 
for a measured 12 mm pulmonary valve annulus. We 
would now consider a balloon of at least 12 mm essen- 
tial. Similarly, in case 5 the first dilatation with a 
10 mm balloon was unsuccessful, while a subsequent 
dilatation with a 12 mm balloon produced an appreci- 
able fall in right ventricular pressure. 

Two of our patients lost consciousness during the 
procedure, and one had convulsions. To protect 
patients from a potentially unpleasant experience we 
recommend that they are all effectively anaesthetised 
before balloon dilatation is attempted. We have gen- 
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erally used ketamine anaesthesia. We would also 
recommend that each patient is given oxygen to 
breathe by face mask and that a prophylactic dose of 
atropine is administered before the dilatation is 
begun. 

Experience to date indicates that percutaneous bal- 
loon valvuloplasty is safe, effective, and can be per- 
formed at any age. The limiting factor is judgment of 
the balloon size to be used. We believe that our 
recent, more aggressive approach is achieving better 
results. Although hard ànd fast indications have not 
yet been established, it is currently our treatment of 
choice for congenital pulmonary valve stenosis. When 
the valve is dysplastic the procedure is not as success- 
ful, but at present we would still recommend that 
balloon’ valvuloplasty should be the initial choice of 
treatment. 


EJB is supported by the British Heart Foundation. 
We thank Mr P B Deverall for reporting his findings 
during surgery in these patients. 
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SUMMARY Total anomalous pulmonary venous connection can be diagnosed by cross sectional 
echocardiography. Information is, however, lacking concerning the diagnostic accuracy of this 
imaging method and any factors which may influence it. To predict the pulmonary venous connec- 
tion 463 patients with congenital heart disease who had angiographic confirmation were prospec- 
tively examined. Total anomalous pulmonary venous connection was present in 34 (796) patients and 
correctly detected in 33 (9796 sensitivity). There were two false positive results (99% specificity). All 
23 patients with atrial situs solitus with or without associated congenital heart defects were correctly 
detected. One false negative result occurred in a patient with right atrial isomerism and complex 
congenital heart disease with decreased pulmonary blood flow. 

Diagnosis of the type of total anomalous pulmonary venous connection, including the site and 
other anatomical details, was analysed and was correct in 24 of 34 (7196) patients. Errors included (a) 
incorrect prediction of the site of total anomalous pulmonary venous connection in five patients with 
right atrial isomerism, atrioventricular canal defect, and pulmonary atresia, (b) details of confluence 
interconnection in three of four patients with the mixed type of connection, (c) undiagnosed pulmo- 
nary venous obstruction in three of the patients with right atrial isomerism, and (d) failure to predict 
common pulmonary vein atresia in one patient. 

Factors which were related to incorrect echocardiographic diagnosis were abnormal atrial situs, 
mixed total anomalous pulmonary venous connection, and associated congenital cardiac defects, 
whereas age, weight, sex, clinical condition, and time during the study were not related. 

It is concluded that cross sectional echocardiography can be used to diagnose accurately total 
anomalous pulmonary venous connection. This method can be the definitive imaging and diagnostic 
method in symptomatic infants with total anomalous pulmonary venous connection who have atrial 
situs solitus, unifocal pulmonary venous connection, and no evidence of other major congenital 
cardiac defect. 


Reports from several centres have shown that the 
diagnosis of total anomalous pulmonary venous con- 
nection can be made by cross sectional echocardiogra- 
phy.!^? The sensitivity and specificity of this method 
in detecting total anomalous pulmonary venous con- 
nection in children with suspected congenital heart 
disease are unknown. Also lacking is information con- 
cerning the factors which influence the confidence of 
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this diagnosis by cross sectional echocardiography. 
Once total anomalous pulmonary venous connection 
is detected, a complete examination should be per- 
formed to exclude other associated congenital heart 
disease and to define the details of pulmonary venous 
connection. Because cross sectional echocardiography 
may potentially be the definitive diagnostic method 
for this abnormality, we prospectively predicted the 
pulmonary venous connection in 463 patients. The 
data were analysed to determine (a) the predictive 
accuracy of cross sectional echocardiography in 
detecting total anomalous pulmonary venous connec- 
tion and (5) the limitations of cross sectional echocar- 
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diography in assessing the details of total anomalous 
pulmonary venous connection in children with con- 
genital heart disease. 


Patients and methods 


Between July 1982 and August 1983, 463 consecutive 
patients underwent cross sectional echocardiography 
in whom the presence of a pulmonary venous connec- 
tion was unknown. All studies were performed with 
Advanced Technology Laboratories есһосагііо- 


graphic equipment (MK600 or 300LX) using either 3, 
5, or 7-5 MHz transducers and most were performed 
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and interpreted by a doctor. Multiple scanning 
approaches, including subcostal, parasternal, and 
suprasternal, were combined in order to visualise all 
of the pulmonary veins and predict the normal or 
abnormal connection of each pulmonary vein (Fig. 
1).2 A complete segmental echocardiographic exami- 
nation was performed as previously described,* and 
the atrial situs was determined using previously pub- 
lished  techniques.5^ Abnormal atrial situs was 
confirmed by the angiographic appearance of the 
atrial appendages or by the radiographic appearance 
of the bronchi’ in all patients and by necropsy in four. 
In this way the location of the morphologically left 





Fig. 1 Technique of identification of normal pulmonary venous 
connection by cross sectional echocardiography. (a) Subcostal 
scan of the left atrium (LA) identified the right upper (RUPV 
and left lower (LLPV) pulmonary veins. Suprasternal scans of 
the left atria show the connection of (b) the right pulmonary veins 
(RUL and RLL) in a neonate and (c) the left pulmonary veins 
(LUPV and LLPV) in an older child. Ao, aorta, 1, inferior, L, 
left, MPA, main pulmonary artery, R, right, RPA, right 
pulmonary artery, S, superior. 


Cross sectional echocardiographic diagnosis of total anomalous pulmonary venous connection 


atrium (the expected site of normal pulmonary venous 
connection) was identified. In atrial situs solitus, 
normal pulmonary venous connection was defined as 
connection of all of the pulmonary veins to the left 
sided morphologically left atrium. Therefore, in situs 
solitus total anomalous pulmonary venous connection 
was excluded in the presence of at least one pulmo- 
nary vein connecting to the left sided atriüm. Patients 
with partial anomalous pulmonary venous connection 
have a different presentation, their anomaly is associ- 
ated with other congenital defects, and their mor- 
phological spectrum is different; these patients were 
included in the group of patients without total 
anomalous pulmonary venous connection and not 
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analysed further. In patients with bilateral right atrial 
appendages (right atrial isomerism), in whom there is 
no morphological left atrium, all patients have total 
anomalous pulmonary venous connection to a pulmo- 
nary vein confluence which then may connect to 
either atria or to one of the systemic veins. In this 
situation even confluent connection to the left sided 
atrium is total anomalous connection and therefore 
these patients were included. During the study none 
of the patients with left isomerism had total anomalus 
pulmonary venous connection. Those with pulmo- 
nary venous connection to both atria were classified as 
having "partial" anomalous pulmonary venous con- 
nection. 


Table 1 Details of patients with total anomalous pulmonary venous connection 











Case No Sex Age Situs Connection site Associated CHD Cross sectional echocardiographic diagnosis 
i M 8 yr Ri RA CAVO, CA Correct 
P: F 6 mnth — Solitus LVV — Correct 
3 M I0 d Solitus BD — Correct 
4 M 5 wk Solitus LVV — Correct 
5 M 7 math Solitus Mixed (LVV + CS) Correct 
6 M 2mnth  Solitus Azygos vein 'T APVC detected; right atrium 
F M 19 mnth Solitus Mixed (LVV - CS) Mixed TAPVC detected; non-conflence of 
pulmonary veins not detected 
8 M ld RI RSVC (obstructed) CAVO, CA, PA TAPVC not detected (false negative); 
obstruction and site of connection not diagnosed 
9 M ld Solitus Common pulmonary 'TAPVC detected 
vein atresia 
10 M 14 RI RA CAVO, CA, PA TAPVC detected; site of connection not 
diagnosed 
H M 2yr Solitus RA — Correct 
2 F 3 уг Solitus LVV TGA (C) Correct 
13 M 1% moth Solitus cs — Correct 
14 F 19 mnth — Solitus LVV Correct 
15 M 2mnth —Solitus CS PA, VSD Correct 
16 Е 14 RI RA CAVO, PA TAPVC detected; site of connection not 
diagnosed 
17 F 2 yr Solitus Mixed (УУ - CS) — Mixed TAPVC detected; non-confluence of 
pulmonary veins not detected 
18 F 5d Solitus BD — Correct 
19 F ld RI RSVC CAVO, DORV, PS TAPVC detected; site of connection not 
diagnosed 
20 M ld Solitus CS — Correct 
21 M 3 wk Solitus BD Correct 
22 F 12 mnth  Solitus LVV Correct 
23 M lmnth  Solitus LVV — Correct 
24 M 7 mnth — Solitus RA — Correct 
25 Е 3mnth — Solitus LVV Correct 
26 M 3mnth RI LSVC (obstructed) CAVO, DIRV, DORV TAPVC detected; obstruction and connection 
not diagnosed 
27 M 15 yr RI Left side of CA CAVO, SORV, PA Correct 
28 M 1 mnth — Solitus Mixed (BD-- RSVC) Mixed detected; predicted connection to RA 
instead of RSVC 
29 M ld RI LSVC CAVO, SORV, PA Correct 
30 M 8 yr Solitus RSVC TGA, VSD, PS Correct 
31 M 13 mnth Solitus CS — Correct 
32 M 3 wk LSVC (obstructed) CAVO, DIRV, РА TAPVC detected; obstruction and connection 
not diagnosed 
33 M 4 yr RI Left side of CA CAVO, DIRV, PS Correct 
34 M lyr RI Left side of CA CAVO, TGA, PS Correct 


BD, below the diaphragm (obstructed); CA, common atrium; CAVO, common atrioventricular valve orifice; CHD, congenital heart disease; 
CS, coronary sinus; DIRV, double inlet right ventricle; DORV, double outlet right ventricle; LSVC, left superior vena cava; LVV, left vertical 
vein; PA, pulmonary atresia; PS, pulmonary stenosis; RA, morphological right atrium; RI, right atrial isomerism; RSVC, right superior vena 
cava; SORV, single outlet right ventricle: TAPVC, total anomalous pulmonary venous connection; TGA, transposition of the great arteries 
(ventriculoarterial discordance); TGA, (c) corrected transposition; VSD, ventricular septal defect. 
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Table 2 Detection of total anomalous pulmonary venous 
connection by cross sectional echocardiography and angiography 

















Angiography Echocardiography 
True False 
True 
+ 33 1 
427 2 
*, positive; —, negative. 


Sensitivity 97%, specificity 99%. 


The details of pulmonary venous connection by 
angiography were available in all patients, and the 
findings by cross sectional echocardiography were 
compared with the angiographic findings. Echocar- 
diography was performed before any angiographic 
study in 380 patients and after in 83. All the echocar- 
diographic examinations were performed without 
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knowledge of this information in the latter group in an 
attempt to preserve the prospective aspect of echocar- 
diographic prediction of pulmonary venous connec- 
tion. The first cross sectional echocardiographic 
examination was analysed and the patients were 
excluded if the examiner was familiar with the diag- 
nosis. Errors in detection of total anomalous pulmo- 
nary venous connection were expressed as false posi- 
tive or false negative results and the sensitivity in 
detection was expressed as the number of true positive 
results divided by the sum of the true positive results 
plus the number of false negative results. Diagnostic 
errors were further analysed and factors affecting 
diagnostic accuracy assessed. The group of patients 
with any diagnostic error was compared with the 
other patients with total anomalous pulmonary ven- 
ous connection in whom diagnosis was entirely accu- 
rate. Discrete variables such as sex or presence of 
abnormal situs were compared with x? methods. 
Linear variables such as weight and age were tested by 





Fig. 2 Segmental approach to the diagnosis of total anomalous pulmonary venous connection to a left vertical vein. Cross sectional 
echocardiograms showing (a) the four pulmonary veins (white arrows) connecting to a pulmonary venous confluence (PVC) in a 
suprasternal scan and (b) and (с) the left vertical vein (LVV) and innominate vein (InV) dilatation during counterclockwise rotation of 
the transducer; note the dilatation of the main pulmonary artery (MPA) compared with the aorta (Ao). (d) An angiogram is shown for 
comparison. A, anterior, DAo, descending aorta, Р, posterior. Other abbreviations as in Fig. 1. 
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Fig.3 Cross sectional echocardiograms showing total anomalous pulmonary venous connection to the coronary 
sinus. (a) The parasternal long axix scan shows a dilated coronary sinus (CS) and normal left heart structures. 
(b)-4d). The subcostal scans confirm the normal coronary sinus connection to the right atrium (RA) and the 
connection of the left pulmonary veins to the pulmonary venous confluence (white arrows). Abbreviations as in 


Figs. 1 and 2. 





Fig.4 Cross sectional echocardiograms showing total anomalous pulmonary venous connection to the right atrium ( RA). (a) The 
pulmonary venous confluence ( P VC) is seen connecting to the right atrium from a subcostal scan; it was important to identify the more 
anterior right pulmonary artery (RPA) to make this diagnosis. ( b) The site of pulmonary venous connection is visualised (open arrow) 
in a saggital plane from a subcostal scan and a large eustachian valve ( E) is seen. The superior (SVC) and inferior (IVC) venae cavae 


are seen connecting to the right atrium. Abbreviations as in Fig. 1. 
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comparing the two groups with Student's г test. Any 
variable with a p value «0-05 was considered to be 
significant. Factors analysed included sex, weight, 
age, clinical status (ventilator dependent and critically 
ill scored 1, others 0), type of pulmonary venous con- 
nection (supracardiac, cardiac, or infracardiac), atrial 
situs (normal or abnormal), and presence of other 
intracardiac congenital defects. Because this study 
spanned a period of 14 months with the possibility of 
a learning curve, the first and second seven month 
periods were compared. - 


Results 


DETECTION OF TOTAL ANOMALOUS PULMONARY 
VENOUS CONNECTION 

Of the 463 patients, 34 (796) had total anomalous 
pulmonary venous connection by angiography (Table 
1). The sensitivity of detection of these patients was 
9796 and the specificity was 9996 (two false positive 
results) (Table 2). In the one patient with total 
anomalous pulmonary venous connection that was not 
detected early in the study there was coexisting pul- 
monary atresia and low pulmonary blood flow with 
right isomerism and asplenia. False positive diagnoses 
of total anomalous pulmonary venous connection 
occurred in two patients: one was a neonate with an 
atrioventricular canal defect, pulmonary atresia, nor- 
mally connecting veins, and atrial situs solitus and the 
other was an older infant with an unusually large atrial 
defect and a large coronary sinus. 

The appearance of the intracardiac anatomy aided 
in the detection of total anomalous pulmonary venous 
connection. In situs solitus after the neonatal period, a 
typical pattern of intracardiac anatomy was found 
consisting of right heart dilatation and a relatively 
small left atrium and left ventricle. 


TYPE OF TOTAL ANOMALOUS PULMONARY 
VENOUS CONNECTION (TABLE 1) 
The connection of all four pulmonary veins and the 
subtype of total anomalous pulmonary venous con- 
nection plus all other intracardiac and extracardiac 
anatomy were defined correctly in 24 of 34 (7196) 
patients. Total anomalous pulmonary venous connec- 
tion was supracardiac in 14: left vertical vein in seven 
- (Fig. 2), right superior vena cava in three, left 
superior vena cava in three, azygos vein in one. There 
.was intracardiac connection in 12: coronary sinus in 
four (Fig. 3), right atrium in five (Fig. 4), and left 
atrium in three with right isomerism. Infracardiac 
connection was present in three (below the diaphragm 
to portal or hepatic veins) and mixed in four (Fig 5). 
One patient had common pulmonary vein atresia. 
There were three factors which related to diagnostic 
errors: presence of complex congenital heart disease 


Huhta, Gutgesell, Nihill 


with atrial isomerism (Fig. 6), mixed type of total 
anomalous pulmonary venous connection, and pul- 
monary vein atresia. Other factors such as the sites of 
anomalous pulmonary venous connection did not 
affect the accuracy of diagnosis. Presence of other 
congenital cardiac defects and presence of atrial iso- 
merism were covariate owing to the frequent associa- 
tion of atrioventricular canal defect and severe pul- 
monary stenosis or pulmonary atresia with this situs 
abnormality. The pulmonary venous connection was 
diagnosed correctly in three patients with situs solitus 
and associated intracardiac defects. Pulmonary ven- 
ous obstruction was present in three neonates with 
right atrial isomerism and was not diagnosed in spite 
of the neonatal use of prostaglandin E, before pallia- 
tion of pulmonary atresia or stenosis. 


Discussion 


Anomalies of pulmonary venous connection are, in 
themselves, nearly always surgically remediable. 
They may be isolated or found in association with 
other types of congenital heart disease. After early 
reports of the non-invasive diagnosis of total anomal- 
ous pulnionary venous connection by M mode 
echocardiography it was expected that cross sectional 
echocardiography would be a highly accurate diagnos- 
tic technique in this condition.3- !? Little information 
is, however, available concerning either the detection 
of this anomaly or the feasibility of complete anatomi- 
cal assessment in such patients. Recently, improved 
echocardiographic equipment and knowledge of 
tomographic anatomy have allowed the diagnostic 
accuracy of cross sectional echocardiography in total 
anomalous pulmonary venous connection to be 
determined. This study also attempted to define fac- 
tors which may hinder accurate diagnosis in this 
condition—namely, (a) right atrial isomerism, (b) 
mixed total anomalous pulmonary venous connection 


` (most commonly to the coronary sinus and the left 


vertical vein), and (c) common pulmonary vein 
atresia. An analysis of diagnostic errors permitted us 
to construct a profile of the patient with total anomal- 
ous pulmonary venous connection who can be 
detected easily and whose anatomy can be accurately 
predicted. This information is valuable in assessing 
the need for surgical treatment of such infants in the 
newborn period and for diagriostic catheterisation and 
angiography. 

In situs solitus the intracardiac anatomy was 
uniformly that of a dilated right atrium and ventricle, 
a relatively small left atrium and ventricle, dilated 
pulmonary annulus and proximal pulmonary arteries, 
and a restrictive atrial septal defect. By a combination 
of suprasternal and subcostal images, all four pulmo- 
nary veins were assessed and the mode of anomalous 
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Fig. 5 Cross sectional echocardiograms ((a) and (b)) showing mixed total anomalous pulmonary venous connection to the coronary 
sinus (CS) and left vertical vein. (a) The right pulmonary veins (RPV) are identified from subcostal scans connecting to the coronary 
sinus and then to the right atrium (RA). Evidence of left pulmonary vein connection to the coronary sinus is also present (open black 
arrow). (b) A suprasternal scan shows the left upper pulmonary venous connection to a short left vertical vein (white arrows) and then 
the innominate vein (InV). (c) and (d) Angiograms of the same patient illustrate similar difficulty in defining the details of pulmonary 
venous connection of the mixed type. Injections were performed in the vertical vein (c), and the pulmonary trunk (d) showed left 
pulmonary venous connection to two sites. 


connection diagnosed. The limitations of cross sec- 
tional echocardiography in such patients were related 
to the sites of connection of the pulmonary venous 
confluences and interconnections of the pulmonary 
veins. Abnormalities of each of these factors were rec- 
ognised by non-invasive assessment alone. False posi- 
tive diagnosis of total anomalous pulmonary venous 
connection in situs solitus occurred in one patient 
with a large atrial septal defect and a left superior vena 
cava to the coronary sinus and in a neonate with situs 
solitus and asplenia. 

The diagnosis of atrial situs can be made indirectly 
by cross sectional echocardiography by imaging the 
position of the inferior vena cava and aorta in relation 


to the spine at the level of the diaphragm. Specifically, 
right isomerism is nearly always associated with the 
aorta and inferior vena cava running together on one 
or other side of the spine. Because right isomerism has 
a high association with anomalous pulmonary venous 
connection and complex congenital heart disease with 
pulmonary stenosis or atresia, it is important to know 
the limitations of non-invasive diagnosis in these 
patients. We found that the site of pulmonary venous 
connection could not be consistently identified in the 
presence of low pulmonary blood flow. Furthermore, 
the frequent association of pulmonary venous obs- 
truction could not be reliably predicted by imaging 
alone before construction of a systemic to pulmonary 
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Fig. 6 Cross sectional echocardiograms showing total anomalous pulmonary venous connection to a posterior confluence (PVC) in an 


infant with right atrial isomerism. The presence of bilateral right atria is suggested by the presence of an atrial strand (a), the 
appearance of a common atrium (CA) (b), and a complete atrioventricular canal defect. The location of the confluence and the 
pulmonary veins connecting to it (white arrows) were defined from suprasternal scans (c). The relation of the atrial strand to the 
eustachian valve (Е) is shown in (d). Note that the site of connection of the confluence is not defined nor is the presence of pulmonary 


vein obstruction. 


shunt. Almost invariably the failure to identify the 
site of pulmonary venous connection meant pulmo- 
nary venous obstruction. Application of the prosta- 
glandin challenge!! in the early neonatal period in 
four such patients failed to show the presence of pul- 
monary venous obstruction in three who later (3—4 
months) died of congestive heart failure after con- 
struction of a systemic to pulmonary artery shunt. In 
the future it is likely that improved knowledge of the 
dynamics of pulmonary venous flow in total anomal- 
ous pulmonary venous connection using Doppler 
echocardiography'? will improve detection of this 
important problem (Fig. 7). In one patient with right 
atrial isomerism Doppler echocardiography located 
the pulmonary venous connection to the right 
superior vena cava, and there was a good correlation 
between the echocardiographic and angiographic 
findings retrospectively (Fig. 8). 

Mixed total anomalous pulmonary venous connec- 


tion was present in four patients, all with situs solitus, 
and there was associated congenital heart disease in 
one. All were shown to have total anomalous pulmo 
nary venous connection; however, the details of 
mixed total anomalous pulmonary venous connection 
were difficult to identify in three patients. Two had 
pulmonary venous connection to the coronary sinus 
and the left vertical vein. In this setting, the pulmo 
nary veins may or may not be in continuity, and this 
anatomical detail will affect the surgical approach 
When they are in continuity, the surgical repair con- 
sists of using the connection to the coronary sinus and 
ligating the left vertical vein. When not in continuity, 
the veins from the left lung to the left vertical vein 
may be anastomosed to the left atrial appendage’? or 
directly to the left atrium. With our current policy at 
this hospital of using palliation by early balloon atrial 
septostomy and later blade/balloon atrial septostomy 
we have avoided early surgical repair of total anomal- 
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Fig.7 (a) Cross sectional echocardiogram and (b) Doppler 
echocardiogram showing flow velocity in the pulmonary vein 
confluence (C) їп a 2 month old infant with total anomalous 
pulmonary venous connection to the coronary sinus. Note the low 
velocity signals (peak of 62 cm/s) at the site of Doppler sampling 
((a) white arrow). Abbreviations as in Fig. 1. 


ous pulmonary venous connection in many such 
patients. This may be important in those in whom a 
widely patent venous anastomotic channel could be 
more easily created for the anomalous veins at an 
older age. The important diagnostic result of this 
study was the finding that mixed total anomalous 
pulmonary venous connection could be detected accu- 
rately using suprasternal scans.'* 

One patient with common pulmonary vein atresia 
was found to have anomalous pulmonary venous con- 
nection, but the site could not be imaged. At angio- 
graphy and necropsy the pulmonary veins drained via 
dilated bronchial veins. This anomaly is extremely 
difficult to diagnose,!* and such patients require 
angiographic study for a definitive diagnosis. 

We conclude that cross sectional echocardiography 
can be used to diagnose accurately total anomalous 
pulmonary venous connection. This method can be 
the definitive imaging and diagnostic method in 
symptomatic infants with total anomalous pulmonary 


533 


venous connection who have atrial situs solitus, 
unifocal pulmonary venous connection, and no evi- 
dence of other major congenital cardiac defect. 


This study was presented in part at the cardiology 
section of the American Academy of Pediatrics, San 
Francisco, California in 1983. The work was sup- 
ported in part by a grant from the National Institutes 
of Health, United States Public Health Service. JCH 
is supported in part by a grant from General Clinical 
Research Branch, National Institutes of Health, and 
is a recipient of a New Investigator Research Award 
from the National Heart, Lung, and Blood Institute, 
National Institute of Health, Public Health Service, 
Bethesda, Maryland, USA. 
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Fig.8 ((a) and (b)) Cross sectional echocardiograms and ((c) and (d)) angiograms showing complex pulmonary venous connection to 
the right upper superior vena cava (SVC). (a) In suprasternal scans this structure was dilated, suggesting that this was the site of 
confluence connection and the angiogram (c) confirmed this; note washout of SVC (black arrows). (b) A saggital parasternal scan and 
corresponding angiogram (d) show the unusual course of the pulmonary venous confluence. Abbreviations as in Figs. 1 and 2. 
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Superiority of radionuclide over oximetric 
measurement of left to right shunts 
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From the Departments of Paediatric Cardiology, Nuclear Medicine and Clinical Physics, and Bioengineering, Guy's 


Hospital, London 


SUMMARY In 100 children with suspected left to right shunts the ratio of pulmonary to systemic flow 
was measured both by oximetry and first pass radionuclide angiography. The pulmonary time 
activity curve from the radionuclide study was analysed by the method of gamma variate fits. There 
was strong correlation between the two techniques; weaker correlation was found when the shunt 
was at atrial rather than ventricular level. This difference can be explained only by problems with 
the oximetric rather than the radionuclide technique. Although there are important limitations to 
the radionuclide method, it is the more precise and less invasive of the two and is to be preferred 
when the accurate measurement of left to right shunts is required. 


'The accurate measurement of left to right shunts is 
essential in the management of many patients with 
congenital heart anomalies. In clinical practice this is 
usually performed  oximetrically during cardiac 
catheterisation. The oximetric method is known to 
have major drawbacks, which can lead to substantial 
errors.! These problems are worst with shunts at 
atrial level, when a truly representative mixed venous 
blood sample is impossible to obtain. 

Although other techniques, based on the indicator 
dilution principle, are available, they are not widely 
used. Estimation of the ratio of pulmonary to systemic 
flow by first pass radionuclide angiography is one such 
method. 

Previous studies? 5 have shown strong correlation 
between results from the radionuclide technique and 
oximetry but they have not correlated the two 
methods separately for different cardiac malforma- 
tions. We use radionuclide angiography routinely in 
children with a variety of congenital heart malforma- 
tions including those with left to right shunts at both 
atrial and ventricular level. Here we present results 
from 100 patients who underwent both first pass 
radionuclide angiography and cardiac catheterisation. 


Requests for reprints to Dr E J Baker, Department of Paediatrics, 
Guy's Hospital, London SEI 9RT. 
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Patients and methods 


We studied 100 children with suspected simple left to 
right shunts. They were aged 1 week to 19 years 
(mean 4-51 years). In 81 the radionuclide study and 
cardiac catheterisation were performed within 24 
hours of each other. The greatest time between the 
two procedures was four months. Patients with a ratio 
of pulmonary to systemic flow greater than four to 
one, estimated by either method, were not included in 
the series. Neither technique is likely to be accurate 
above this level. The Table lists the diagnosis in each 
case patient. 


RADIONUCLIDE TECHNIQUE 

A first pass radionuclide angiogram was obtained in 
the anterior projection over 20 seconds. Data were 
collected on a magnetic disk in either list mode or at 
32 frames per second and then reframed at two frames 
per second for analysis. À compact, rapid, bolus of 
autologous red blood cells labelled with technetium- 
99m was injected via a cannula in a peripheral vein or 
a catheter lying in the inferior vena cava. Care was 
taken to ensure a good quality bolus of the radionuc- 
lide, which was flushed in with a large volume of 
saline (20 ml in an adult, 5-10 ml in an infant). The 
right antecubital fossa was the preferred site for 
peripheral injection. Sedation was used if necessary in 
the younger patients. The dose of radionuclide was 
430 MBq (11-6 mCi)/m?. 


535 


536 


Baker, Ellam, Lorber, Jones, Tynan, Maisey 


Table Results with two techniques for measuring left to right shunts in 100 patients 


Age Diagnosis Ratio of pulmonary to systemic flow Age Diagnosis Ratio of pulmonary to systemic flow 
Oximetric Radionuclide Oximetric Radionuclide 

1 week MS+ASD 1-2 1-9 2 years VSD 1:3 1-2 
3 weeks VSD 2:5 24 2 years VSD 2-5 24 
4 weeks VSD 21 2-5 2 years VSD 10 14 
4 weeks AVSD 3-7 40 2 years VSD 16 1-9 
6weeks VSD 3-0 31 2 years AS 1-0 1:0 
3 months VSD 22 23 2 years ASD 1:5 15 
3 months VSD 20 23 2 years AVSD 3-8 3-0 
3 months VSD 2-1 2-7 2 years VSD 11 1-9 
3 months AS 1-0 1-0 2 years VSD 2.8 2-3 
3 months VSD 22 18 2 years ASD 1-7 25 
3 months MS+ASD 1-0 1-5 3 years ASD 2.0 1:5 
5 months VSD 3-0 22 3 years VSD 1-2 1:3 
5 months VSD 22 21 3 years ASD 1-5 2-1 
5 months VSD 26 24 3 years ASD 2-0 2-0 
6 months VSD 27 24 3 years ASD 1:7 21 
6 months VSD 18 1-8 3 years ASD 22 2-0 
6 months VSD 2.9 28 4 years VSD 1-6 16 
6 months ASD 1-6 2-4 4 years VSD 17 21 
7 months AVSD 2:5 14 4 years VSD 16 1:5 
7 months ASD 18 18 4 years VSD 13 1-3 
8 months VSD 2:2 1-9 5 years ASD 1:0 1:9 
9 months VSD 24 25 5 years AI 10 10 
9 months VSD 1-6 14 6 years C 1-0 14 
9 months ASD 2:6 2-6 6 years AS 1-0 10 
9 months ASD+VSD 23 22 6 years AS 1:0 10 
9 months VSD 1:6 21 6 years ASD 17 2.0 
10 months VSD 1-0 . 13 6 years ASD 25 22 
11 months VSD 1-1 13 8 years AS 10 1-0 
11 months VSD 3-0 2-9 8 years VSD Il 1:8 
12 months VSD 34 2-9 B years ASD 3-0 23 
12 months PAPVD 19 22 9 years VSD 1-3 1-6 
14 months VSD 2-9 3-3 9 years ASD 2.0 14 
15 months Normal 1-0 1-2 9 years BPS 10 1-0 
15 months VSD 2-6 25 10 years VSD 2-2 23 
16 months VSD 2.0 21 10 years VSD 3-5 35 
16 months VSD 28 3-2 10 years ASD 1-1 15 
16 months VSD 1-8 2-4 10 years ASD 19 1:7 
16 months VSD 1-5 1-8 ll years VSD 14 1:7 
16 months VSD 21 20 ll years AS 1:0 1-0 
16 months ASD 2-2 33 ll years ASD 2:3 3-0 
17 months VSD 27 23 12 years ASD 24 22 
18 months VSD 1-5 1-5 12 years PS 1:0 10 
19 months ASD 34 3.0 13 years VSD 2-2 2-2 
20 months ASD . 1-4 1-7 14 years PS 1-0 1:0 
21 months VSD 21 2-2 16 years AS - 10 1:0 
21 months AVSD 25 4-0 16 years PS 10 10 
22 months VSD 12 1-6 18 years AVSD 15 1:3 
23 months AVSD 1-8 r9 18 years VSD 20 1-8 
2 years PS 1-0 1-0 18 years VSD 1-8 17 
2 years C 10 1:0 19 years VSD 1:8 21 

——M M — —————Á— Mr a 


MS, mitral stenosis; ASD, atrial septal defect; VSD, ventricular septal defect; 


AVSD, atrioventricular septal defect; PAPVD, partial 


anomalous pulmonary. venous drainage; PS, pulmonary stenosis; AS, aortic stenosis; AI, aortic incompetence; C, coarctation; BPS, branch 


pulmonary stenosis. 


OXIMETRIC TECHNIQUE 

During investigative cardiac catheterisation per- 
formed under sedation blood samples were taken 
from the superior vena cava, the inferior vena cava, 
the main pulmonary artery, and a systemic artery. 
They were taken in rapid sequence when the patient 
was judged to be in a stable physiological state. The 
percentage oxygen saturation in each sample was 
measured spectrophotometrically with a reflectance 
oximeter.®7 


DATA PROCESSING 

A background corrected, superior vena cava, time 
activity curve was used to assess the adequacy of the 
bolus in the radionuclide study. Of those patients elig- 
ible for inclusion in the study, six were rejected 
because the bolus was split. In those in whom the 
bolus was judged to be of good quality the time activ- 
ity curve from a region of interest drawn over the 
right lung was analysed by the method of gamma vari- 
ate fits.3~5 If the bolus was wider than roughly two 
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seconds deconvolution analysis was used to correct 
the pulmonary time activity curve before the shunt 
analysis was performed.® ° 

The pulmonary to systemic flow was calculated 
from the oximetric data by a formula derived from the 
Fick principle: 

9 .. . Systemic arterial So,—mixed venous So, 

О, — pulmonary venous So,—pulmonary arterial So, 
(So, being oxygen saturation). The mixed venous 
oxygen saturation was estimated from those in the 
superior and inferior vena cava (SVC and ТУС) by the 
formula: 


Mixed venous S0,= 3xSVC So; *IVC So, Y +IVCSo 
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Fig 1 Correlation between oximetric and radionuclide 
measurement of ratio of pulmonary to systemic flow (QP:QS) in 
(a) all patients studied; (b) patients with a ventricular septal 
defect; (c) patients with an atrial left to right shunt. 

(SEE =standard error of the estimate.) 


This formula has been shown to give the most reli- 
able estimate of the true mixed venous oxygen satura- 
tion under similar circumstances.! 


STATISTICAL ANALYSIS 

The pulmonary to systemic flow ratios measured by 
the two techniques were compared by linear regres- 
sion analysis. The population variances of separate 
correlations were tested for identity by the F relation. 
The null hypothesis was rejected when p<0-05. 


Results 


The table shows the results for all the patients. 
Although the correlation for all 100 patients was 


538 


strong, the correlation coefficient (r) 0-83, and the 
regression coefficient 0:81, Fig. 1а (scattergram) 
shows that some points were widely scattered around 
the regression line. Included in the 100 patients were 
16 with no shunt measurable by either technique. The 
data were then analysed separately for two groups. 
The first consisted of all patients (52) with a ventricu- 
lar septal defect and the second of all those with a left 
to right shunt at atrial level. Patients in the second 
group included those with atrial septal defects or 
atrioventricular septal defects and one patient with 
partial anomalous pulmonary venous connection: 32 
patients in all. 

The correlation for patients with a ventricular sep- 
tal defect was strong (r—0-86). The scatter of points 
was much less than the overall correlation (Fig. 1b). 
The correlation for shunts at atrial level was weaker 
(r=0-64), and this group (group 2) contained all the 
most widely scattered points (Fig. 1c). Although the 
regression equations for the two groups were similar, 
there was a significant difference between the popula- 
tion variances (F—3-44, p« 0-001). 


Discussion 


Our results confirm the validity of the measurement 
of the ratio of pulmonary to systemic flow by first pass 
radionuclide angiography in patients with a simple 
left to right shunt. The correlation remained strong in 
ventricular shunts even when those patients with no 
shunt and those with shunts greater than four to one 
were not included. The strength of the correlation was 
not therefore dependent on the two ends of the regres- 
sion relation being fixed.?5 Previous studies have 
shown a wide scatter between the radionuclide and 
oximetric methods in atrial septal defects,!? !! but the 
contrast with the much narrower confidence limits in 
ventricular septal defects has not previously been 
shown. 

The poorer correlation between the oximetric and 
radionuclide measurements and the greater popula- 
tion variance when the shunt was at atrial rather than 
ventricular level cannot be explained by a failing in 
the radionuclide technique: no additional assump- 
tions are made when the shunt is at atrial level and the 
acquisition and analysis are identical to that with ven- 
tricular shunts. There are problems, however, with 
the oximetric technique when there is shunting at 
atrial level. The mixed venous oxygen saturation can- 
not be measured directly in the presence of a left to 
right shunt; it has to be estimated from the saturations 
in the superior and inferior vena cava. The result is 
inevitably an approximation. The formula we used for 
this has been shown to give the most reliable estimate 
of the pulmonary arterial oxygen saturation in 
patients with no shunt.! When there is an atrial shunt 
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the sites of venous sampling are not separated by the 
tricuspid valve from the inflow of oxygenated blood. 
The estimation of the true mixed venous oxygen sat- 
uration may under these circumstances be impossible. 

Other problems exist with the oximetric technique, 
whatever the level of the shunt. Notably, in applying 
the Fick principle the patient is assumed to be in a 
stable physiological state throughout the time of sam- 
pling. There is an appreciable spontaneous variation 
in the cardiac output at rest in тап,!2 which is likely 
to introduce considerable inaccuracies, especially if 
there is any delay between the taking of blood samples 
at various sites. There are also inaccuracies in the 
spectrophotometric measurement of the oxygen sat- 
uration of blood; it is recognised to be especially inac- 
curate above 95% saturation.5? These problems have 
been well discussed elsewhere.! 

In view of these considerations we believe that first 
pass radionuclide angiography offers the more accu- 
rate of the two measurements of the ratio of pulmo- 
nary to systemic flow in patients with simple left to 
right shunts. 

Nevertheless, the radionuclide technique has some 
important limitations. Previous authors have rightly 
emphasised.the importance of ensuring a good quality 
bolus in every study.? 5 We used an injection techni- 
que similar to that of Askenazi et al.3 We, however, 
preferred the antecubital fossa as the site for venous 
cannulation and used sedation routinely in the 
youngest children to ensure that they were calm and 
in a stable condition during the study. The data must 
be processed by an experienced operator. As with all 
curve fitting techniques, unreliable results can easily 
be obtained by the inexperienced. With meticulous 
attention to the performance of the study and its 
analysis, we found that in virtually every case a valid 
measurement of the pulmonary to systemic flow could 
be obtained. ; 

There are also some important considerations that 
make the radionuclide technique invalid in a minority 
of patients. The left to right shunt is measured as a 
proportion of the total pulmonary flow, and from this, 
assuming there is no appreciable right to left shunt, 
the pulmonary to systemic flow can be calculated. 
Findings are therefore invalid when shunting is 
occurring in two directions. А true measure of the 
pulmonary to systemic flow ratio can be obtained only 
when there is a pure left to right shunt or when right 
to left shunting is negligible, as in atrial septal defects. 

In patients with no shunt curves can often be fitted 
that generate a measurement of the pulmonary to sys- 
temic flow ratio of 1-2 to 1, or less. This has been 
noted before, and it has been suggested that it is at 
least partly due to bronchial arterial and chest wall 
blood flow.3 It is probably mostly due to the limita- 
tions of the curve fitting method and the statistical 










Superiority of radionuclide over oximetric measurement of left to right shunts 539 
и л 
S t 
8 0 20 20 20 
" ©) x @) 
ч, 
^ 
V 
^ Left lung 
Я 7 -. E" чр 
Right lung 
0 20 0 20 
Time (s) 


Fig2 Time activity curves. (a) A normal curve from a right lung region of interest; the patient had mild pulmonary incompetence. (b) 
Curves from right and left lungs in a patient with a persistent ductus artertosus. (c) Curve from right lung of a patient with coarctation 
of the aorta but no shunt. (d) Curve from right lung in a patient with severe postoperative mitral incompetence. Oximetrically the ratio 
of pulmonary to systemic flow was 1-3:1; analysis of this curve suggested, incorrectly, that it was much greater. 


noise present in the data. When the pulmonary time 
activity curve is unequivocally normal (Fig 2a) we do 
not attempt curve fitting. Using this policy we have 
never missed an important left to right shunt. Indeed, 
as previously reported’ !? the radionuclide technique 
is more sensitive than oximetry at picking up very 
small left to right shunts. 

With the radionuclide technique, as with oximetry, 
the overall pulmonary to systemic flow ratio cannot be 
measured when the lungs are not totally perfused 
from one central source. This is seen most commonly 


with a persistent ductus arteriosus but is also applic- 
able when part of the lung is supplied by a major 
aortopulmonary collateral artery or when there is a 
patent surgical systemic pulmonary shunt. With a 
persistent ductus arteriosus the shunt measured from 
the left lung is often greater than that measured from 
the right, as Fig 2b shows.? !? Neither is a valid meas- 
urement of the overall pulmonary to systemic flow 
ratio, and it is not valid to take a mean of the two 
measurements. Despite this, previous authors have 
included such patients in correlative studies between 
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the two techniques.?^5 10 13 

Patients with coarctation of the aorta may have col- 
lateral arteries from the proximal to the distal aorta 
that cross the lung fields producing a time activity 
curve that gives the false impression of a left to right 
shunt, as in Fig 2c.? We have noted this even in young 
infants. It is therefore possible mistakenly to diagnose 
a left to right shunt or overestimate the magnitude of 
one when coarctation of the aorta is present. 

When cardiac function is very poor or there is 
severe valvular regurgitation the pulmonary transit 
time is prolonged, and this may lead to overestimation 
of the size of the shunt by the radionuclide techni- 
que.?*5 Fig 2d illustrates such a case. Under similar 
circumstances results must be interpreted with 
extreme caution. 

Despite these limitations of the technique the 
results presented here show its superiority over 
oximetric measurement in patients with atrial shunts. 
First pass radionuclide angiography can be performed 
in outpatients and in critically ill patients at their bed- 
side. The study causes no haemodynamic disturbancé 
and is minimally invasive. It is valid in all age groups. 
In practice it is probably the most accurate available 
estimate of the ratio of pulmonary to systemic flow for 
patients with a simple left to right shunt at any level. 
Radionuclide angiography should be used to estimate 
the ratio of pulmonary to systemic flow whenever its 
accurate measurement is clinically required. 


EJB is supported by the British Heart Foundation. 
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SUMMARY Fourteen children had a permanent pacemaker implanted between May 1967 and July 
1983. Postoperative complete heart block was the indication in nine cases, congenital complete heart 
block in three, and sick sinus syndrome in two. Two patients died, one suddenly and one after aortic 
valve replacement. A total of 48 pulse generators were implanted; five patients were given an 
isotopic pacemaker. Twelve patients had epicardial leads implanted initially, and two received a 
transvenous endocardial system. The lead system implanted initially remained without malfunction 
in only seven patients. In the other seven patients 20 lead malfunctions occurred. Psychological 
maturity and physical development seemed to be normal in all 14 children. Improvement in equip- 


ment and technique will improve the outlook for paced children in the future. 


Paediatric patients form only a minority of the popu- 
lation in a pacemaker clinic. Nevertheless, they 
account for a substantial proportion of the complica- 
tions. Postoperative heart block is the most common 
indication for permanent pacing in children.'^? Con- 
genital or idiopathic complete heart block are the 
other important indications. In children the sick sinus 
syndrome is now also recognised as an arrhythmia 
with a potentially fatal outcome.^^* The improved 
reliability and long life of present day cardiac pulse 
generators justify pacing in symptomatic patients and 
in those with potentially life threatening conditions. 


Patients and methods 


From May 1967 to July 1983 a permanent cardiac 
pacemaker was implanted in 14 children (seven girls 
and seven boys). They were aged between 27 and 152 
(mean age 79, SD 35) months. Their most important 
clinical features are given in Table 1. 

Nine patients developed complete heart block after 
surgical repair of a congenital heart defect. Three 
children had congenital complete heart block, one of 
whom had a ventricular septal defect and valvar pul- 
monary stenosis. Two children (cases 1 and 2) had 
sick sinus syndrome without structural heart disease 
and have been reported elsewhere.* Two patients also 
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had severe ventricular arrhythmias (cases 2 and 13). 

Adams-Stokes attacks before pacemaker implanta- 
tion or at the time of pacing malfunction occurred in 
eight patients (cases 2, 5, 6-9, 11, and 14), whereas no 
symptoms were related to conduction disturbance in 
six (cases 1, 3, 4, 10, 12, and 13). One patient (case 1) 
had sinoatrial disease, and bradycardia had been 
noticed before birth. This child received a pacemaker 
because of extreme bradycardia and long ventricular 
pauses. During the night the ventricular rate varied 
between 15 and 45 beats/minute. One pause of 48, 
one of 4-6, and numerous pauses of 73 s were 
recorded. One child (case 3) had asymptomatic con- 
genital complete heart block. Since birth there had 
been an escape rhythm with narrow QRS. Ambulat- 
ory monitoring showed episodes of ventricular asys- 
tole lasting up to 4 s and ventricular rates up to 20 
beats/min. The second child (case 4) with asymptoma- 
tic congenital complete heart block had a nodal (nar- 
row QRS) rhythm slowing down to below 30 beats/ 
min with ventricular pauses lasting up to 5-16 s. 
Three patients (cases 10, 12, and 13) had postopera- 
tive complete heart block. One (case 10) initially 
received cortisone treatment for atrioventricular 
block, but this treatment had no effect. A permanent 
pacemaker was implanted 30 days after surgical repair 
of his congenital heart defect. In the second patient 
(case 12) a permanent pacemaker was implanted 35 
days after the first surgical intervention. In the third 
patient (case 13) there was a delay of 21 days between 
the first operation and pacemaker implantation. 

All patients were given ventricular demand or ven- 
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Table 1 Clinical features of 14 paced paediatric patients 
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Case Sex’ Age Associated heart Indication for Duration] of Total No of pulse Present pacemaker 
No (yr)* disease pacing follow up (mnth)3 generators type 
1 Е 4 — SS 70 3 Coratomic C101 
2 M 5 — SS 82 2 Medtronic 5985 
3 F 7 — р СНВ (congenital) 23 1 Medtronic 5985 
4 F 12 — CHB (congenital) 13 1 Coratomic C101 
5 F 4 VSD, PS(V) CHB (congenital) 73 1 Cordis 190A 
6 F 2 VSD, PDA CHB (postoperative) 148 8 Coratomic C101 
7 M 7 VSD, PS(D$ CHB (postoperative) 207 8 Coratomic C101 
8 M 4 VSD, PS(D CHB (postoperative) 87 2 CPI 523 
9 F 6 CHB (postoperative) 160 4 CPI 505 
10 M 7 AS CHB (postoperative) 135 3 CPI 504 
11 Е 5 AC, SAS CHB (postoperative) 47 1 CPI 505 
12 M 4 VSD, PS(D CHB (postoperative) 177 6 Coratomic C101 
13 M 11 ТЕ СНВ (postoperative) 54 (sudden death) 3 
14 M 8 SAS CHB (postoperative) 84 (postoperative 5 
death after AVR) 


————————————————————————————— 


*Ат the time of pacemaker implantation. 
ТАШ 31 August, 1984. 
After first pacemaker implantation. 
Absence of pulmonary valve. 
stium primum type with cleft mitral and cleft tricuspid valve. 


AC, aortic coarctation; ASD, atrial septal defect; AVR, aortic valve replacement; CHB, complete heart block; PDA, persistent ductus 
arteriosus; PS(I), infundibular pulmonary stenosis; PS(V), valvar pulmonary stenosis; SAS, subvalvar aortic stenosis; SS, sick sinus syndrome; 


TF, tetralogy of Fallot; VSD, ventricular septal defect. 


tricular.fixed: rate pacemakers. Gradually, we had 
started to prefer atomic pacemaker implantation in 
children, and so five-patients had’ the small size 
-Coratomic C101 atomic pacemaker. Paediatric sutur- 
able epicardial electrodes (Cordis 323-543 and Med- 
tronic 5815A) were -preferred. Only ‘two patients 
received a General Electric bipolar epicardial pacing 
system as the initial implant. A transvenous endocar- 
dial pacemaker system was used as the initial implant 
in only two children. In 13 patients initial implanta- 
tions and generator replacements were performed 
under general anaesthesia. In only one patient (case 4) 
was a transvenous pacing system implanted under 
local anaesthesia. re 

During the follow up of these patients, special 
attention was given to -the presence or absence of 


~““escape-rhythms’ occurring’ after inhibition of the ven- * 


tricular demand pacemaker by chest wall stimulation. 

The technique of chest wall stimulation and its appli- 

cation in the pacemaker clinic has been reported else- 
- where.’ | 


Results ; 

Follow up after implantation of a permanent 
pacemaker varied between 13 and 207 (mean 97-1, SD 
59)-months. Two patients died. Sudden death occur- 
red in one boy (case 13), who was known to have 
severe ventricular arrhythmias, and one (case 14) died 
postoperatively after aortic valve replacement seven 
years after his first operation for subvalvar aortic 
stenosis. One patient (case 2), who was known to have 
asymptomatic sinus bradycardia and sinuatrial block, 
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collapsed while playing at school. He was given 
mouth to mouth respiration and arrived at the 
emergency department within 10 minutes. Repeated 


- episodes of ventricular tachycardia alternated with 


periods of atrial and ventricular standstill. After the 
implantation of a permanent pacemaker he recovered 
completely. 

In the 14 children we implanted a total of 48 pulse 
generators: 14 initial implants and 34 replacements. 
The number of generators per patient varied between 
1 and 8. Four children still had their initial implant 
after 13-73 months. The generator was changed for 
prophylactic reasons in 14 of the 34 replacements. 
Sudden generator failure occurred in four pace- 
makers. Generator change without lead change was 
required because of extrusion in two instances and 


"infection in one. Competitive pacing of a ventricular 


fixed rate -pacemaker was.the reason for generator 
change in one case. In 12 cases non-generator related 
complications led to pacemaker replacement: (а) nine 
prophylactic replacements at the time of lead failure; 
(b) generator plus lead change because of infection in 
two instances; and (c) exit block treated by the inser- 
tion of a high output pacemaker in one case. Table 2 
shows these data together with the length of life of the 
replaced pacemakers. The use of special paediatric 
pacemakers with only two mercury-zinc batteries was 
the reason for the early prophylactic changes and fail- 
ures. 

Cordis 323-543 leads were implanted in five 
patients (cases 1, 2, 3, 5, and 11) and Medtronic 
5815A leads in five (cases 7, 8, 10, 12, and 13). Two 
patients (cases 6 and 14) were initially given a bipolar 
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Table 2 Indications for pacemaker replacement and life of generators (in months). Figures are number of pacemakers 








«30 30—39 40-49 >50 Total 
Prophylactic change 4 1 3 6 14 
Sudden failure 2 1 1 — 4 
Lead problem 8 2 — — 10 
Extrusion 2 — — — 2 
Infection 3 — — — 3 
Competitive pacing 1 — — — 1 
Total 20 4 4 6 34 





General Electric epicardial electrode system, but sub- 
sequently these leads were replaced by Medtronic 
5815A leads. In three patients it was necessary to 
replace the epicardial system by a transvenous one 
because of extrusion (case 6), exit block (case 7), and 
infection (case 14). In one patient (case 7) the system 
had to be changed back to an epicardial one after exit 
block of the transvenous system had occurred. In this 
instance, epicardial leads were implanted as well as a 
Hancock pulmonary valve prosthesis, as pulmonary 
insufficiency caused a high right ventricular stroke 
volume making adequate positioning of an endocar- 
dial lead impossible. In two patients (cases 4 and 9) 
transvenous endocardial leads were implanted as the 
initial system. 

The initial lead system remained without malfunc- 
tion in only seven patients. In the remaining seven 
patients 20 lead malfunctions occurred: lead fractures 
(6), insulation defects (3), exit blocks of epicardial 
leads (6), infection-extrusion (2), and exit blocks of 
endocardial leads (3). Lead fracture required a new 
lead implantation in three instances and could be 
overcome by the use of an additional lead on two 
occasions. One fracture occurred in a spare lead. Insu- 
lation defects required lead replacement in two cases, 
and on only one occasion could the defect be repaired. 
Because of exit block the epicardial leads had to be 
replaced in four instances; the pacemaker was 
replaced by a high output unit on one occasion. In one 
case the bipolar pacing was changed to the unipolar 
mode. Because of exit block two transvenous leads 
had to be repositioned, and in one patient the trans- 
venous systern was replaced by an epicardial one. In 
the two cases of extrusion-infection the old epicardial 
pacing system was completely removed and replaced 
by a transvenous one. À prepectoral position was 
chosen for the pulse generator in one case and an 
epigastric position in the other. Table 3 summarises 
the most important features of the complex history of 
these 14 children. 

А spontaneous heart rhythm occasionally inhibiting 
the ventricular demand pacemaker was seen in only 
one patient (case 13). Absence of escape rhythm dur- 


ing pacemaker inhibition by chest. wall stimulation. - 


occurred in six patients (cases 6, 7, 8, 9, 11, and 14). 
All these six patients had experienced Adams-Stokes 


attacks. Two patients with a previous history of 
Adams-Stokes attacks always had an adequate under- 
lying heart rhythm (cases 2 and 5). During chest wall 
stimulation all patients who were asymptomatic 
before pacemaker implantation proved to have a reli- 
able escape rhythm on all occasions (cases 1, 3, 4, 10, 
12, and 13). 

All these 14 children led a normal physical life and 
were psychologically well adjusted for their age and 
intellectual capacity. Excellent results at school were 
obtained by eight patients (cases 2, 4, 6, 8, 9, 11, 12, 
and 14). In one patient (case 7), who had recently 
started an administrative job, the presence of an 
isotopic pacemaker added to his confidence and that 
of his parents. In the children with an isotopic 
pacemaker in particular, the psychological effects of a 
pacemaker tended to disappear completely. 


Discussion 


Postoperative complete atrioventricular block was the 
major indication for cardiac pacing in our patients. 
We also treated three patients with congenital com- 
plete heart block and two with sick sinus syndrome. 
One patient with congenital heart block also had con- 
genital heart disease. Similar cases are reported by 
other authors. In a French multicenter study Vanetti 
et al studied 241 children with permanently implanted 
pacemakers.? Congenitial complete heart block was 
found in 66 cases and was associated with congenital 
heart disease in a further 32, and 136 cases had post- 
operative heart block and seven acquired heart block. 
Young reviewed 448 pacemaker implantations in 
children. In 284 cases pacemaker implantation was 
required as a result of intracardiac surgery; in 270 
cases pacemaker implantation was required because of 
postoperative heart block which was not necessarily 
symptomatic and in 14 because of postoperative 
symptomatic sinus nodal dysfunction. Permanent 
pacing was undertaken in 137 patients with 
symptomatic heart block and in 27 with symptomatic 
sinus nodal dysfunction of idiopathic, congenital, or 
acquired (non-surgical) aetiology. 

Numerous reports discuss the therapeutic dilemma 
in thé case of congenital complete heart block. A 
benign prognosis has been reported by Campbell and 
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Surgical procedures (time between procedures in months*) 


Initial implant of 2 epicardial leads—(7)—reintervention and use of reserve lead and elective generator 


reserve lead—(7) 


Initial implant of General Electric epicardial lead system—{2)—elective generator replacement at time of 


lead complication—(14)—subsequent reintervention for implantation of 2 epicardial leads and 
replacement of generator—(1)— generator replacement—(4)— generator replacement —(8)— 
implantation of transvenous lead and replacement of generator—(1)—repositioning of transvenous 
lead—(26)— generator replacement—(50)—generator replacement—(41)—implantation of transvenous 


Initial implant of 3 epicardial leads—(10)—reintervention for implantation of 1 epicardial lead and 


replacement of generator—(30)—generator replacement —(38)—elective replacement of generator 
—(8)—Treintervention and use of reserve lead—(4)—implantation of transvenous lead and replacement 
of generator—(20)— generator replacement—(1)—Treintervention for implantation of 2 epicardial leads 


Implantation of transvenous lead—(30)—repositioning of transvenous lead and generator replacement 
Initial implant of 2 epicardial leads—(3 1)—generator replacement—(44)— generator replacement—(50) 


Initial implant of 3 epicardial leads—(13)—reintervention and use of reserve lead and generator 


replacement—(23)— generator replacement—(5)— generator replacement—(8)—reintervention and use 
of reserve lead—(33)—generator replacement—(58)— generator replacement—{37) 


Initial implant of 3 epicardial leads—(26)—generator replacement—(26)— generator replacement—(2)— 
death 


Case Year of first 
No implantation 
1 1978 
replacement—{63)—generator replacement 
2 1977 Initial implant of 2 epicardial leads—(58)—generator replacement—(24) 
3 1982 Initial implant of 2 epicardial leads—(16)—reintervention and use о 
4 1983 Implantation of transvenous lead—(13) 
5 1978 Initial implant of 2 epicardial leads—(73) 
6 1972 
lead—(1) 
7 1967 
and generator replacement—(46)— generator replacement—(50) 
8 1977 Initial implant of 2 epicardial leads—(50)— generator replacement—(37) 
9 1971 
—(26)—generator replacement—(54)— generator replacement—(60) 
10 1973 
11 1980 Initial implant of 1 epicardial lead—(47) 
12 Р 1969 
13 1968 
14 1970 


еа 
Initial implant of General Electric epicardial lead system—4(11)— generator replacement—(4)— 


reintervention for implantation of 1 epicardial lead—(4)— reintervention for implantation of 2 epicardial 
leads and generator replacement—(5)—implantation of transvenous lead and generator replacement 
—(40)—generator replacement—4(20)— death 





*Uniil 31 August 1984. 


Thorne.? They followed seven patients for 25 years 
and only one died. Only one had an enlarged heart 
and evidence of aortic regurgitation. Corne and 
Mathewson also emphasised the excellent prognosis in 
congenital complete heart block, provided that there 
is no associated congenital structural heart disease, 
that the QRS complexes are supraventricular in 
configuration, and that the condition is not familial.” 
Molthan et al, Ayers et al, and Nakamura and Nadas 
challenged the general belief that complete heart 
block has a good prognosis.'°~!2 Molthan et al have 
reported three cases of fatal Adams-Stokes attacks in a 
series of 35 children with congenital complete heart 
block examined between 1953 and 1961.!° Nakamura 
and Nadas found an unexpectedly high mortality of 
21:3% (13 саѕеѕ).!2 The severe disturbance in 
atrioventricular conduction, causing Adams-Stokes 
attacks, could clearly be indicated as the cause of 
death in only three patients. None of these patients 
died of the first attack; in fact, they all had at least 
three attacks. These workers emphasised that com- 
plete heart block not only causes death by Adams- 
Stokes attacks but may also worsen the prognosis of 
associated congenital heart disease. The patients who 
have slower rates, wide QRS complexes, previous 
Adams-Stokes attacks, and a poor response to exercise 
or drugs are those most likely to have a fatal outcome. 
Ayers et al!! agreed with Nakamura that in any child 


with complete heart block who has had two or more 
Adams-Stokes attacks, permanent pacemaker treat- 
ment should be seriously considered. Karpawich et al 
suggested that the simple procedure of measuring 
heart rate at rest appeared to be the best current pre- 
dictor of bradycardia induced syncope in young chil- 
dren with congenital complete heart block.!? No child 
with a heart rate at rest of 50 beats/min or more had 
syncope, whereas seven of the 11 children with a 
lower heart rate had syncope. Karpawich et ai 
recommended cardiac pacing in any child with symp- 
toms attributable to Adams-Stokes attacks or conges- 
tive heart failure caused by a low heart rate. The 
greatest risk of death for the child with congenital 
heart block is in early infancy.'4 

In our patient group we had three cases of congeni- 
tal complete heart block. All three had a pacemaker 
implanted. Two patients (cases 3 and 4) were asymp- 
tomatic but showed pronounced bradycardia and long 
ventricular pauses. Adams-Stokes attacks had occur- 
red in one patient (case 5). In our view the indication 
for permanent cardiac pacing in these three patients 
was clear. 

Postoperative complete heart block is generally 
considered to be a serious and life threatening condi- 
tion. Murphy et al studied eight patients with post- 
operative complete heart block who were not given a 
pacemaker.'^ During a mean observation period of 
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two years all were asymptomatic and none died. The 
follow up period of two years was possibly too short to 
allow a valid clinical judgement. Lillehei et al, 
McGoon et al, Sayed, and Liu et al have favoured the 
use of cardiac pacemakers for the long term manage- 
ment of postoperative complete heart block because of 
the high mortality rate in patients given medical 
treatment alone.!5^!? Hurwitz et al observed 13 chil- 
dren with chronic postoperative complete heart block; 
of these, 10 were not given a pacemaker and three of 
the 10 died.?? The survivors were followed up for 
periods of eight months to nine years, but only three 
of the seven survivors did not experience Adams- 
Stokes attacks. Hofschire et al reported postoperative 
complete heart block in 64 children, some of whom 
were treated with cardiac pacing and some who were 
not.! Five of the seven patients with complete heart 
block who received medical treatment died after dis- 
charge from hospital. The authors proposed a policy 
of implanting a permanent pacemaker when complete 
heart block persisted for 4—6 weeks after operation. 
Forty seven of their patients with complete heart 
block survived the immediate postoperative period. 
In 23 (5096) regular sinus rhythm returned within 
four weeks after the operation. 

Postoperative complete heart block accounted for 
nine cases in our series. All patients except cases 10, 
12, and 13 experienced Adams-Stokes attacks. In the 
three asymptomatic patients we waited between 21 
and 35 days before implanting a permanent 
pacemaker. In view of the poor prognosis of post- 
operative complete heart block we consider that a 
permanent cardiac pacemaker should be implanted in 
patients with complete heart block after intracardiac 
surgery when there is no restoration of normal 
atrioventricular conduction within a few weeks after 
the occurrence of complete heart block. The three 
asymptomatic patients with postoperative complete 
heart block always had a reliable underlying heart 
rhythm when their pacemaker was inhibited by chest 
wall stimulation. 

The two children with sick sinus syndrome are the 
two paced patients of a series of five paediatric 
patients who have been extensively reported else- 
where.® One child survived sudden death and the 
other had extreme bradycardia and prolonged ven- 
tricular pauses. 

Complications in a population of paced children are 
common. Premature battery failure, fracture of leads, 
infection, change in pacing threshold, arrhythmia, 
and pulse generator failure are reported in numerous 
ѕег1еЅ.172 2172: [n our series only two patients 
received a transvenous pacing system as the initial 
implant. In the study of Vanetti et al 93-496 of the 
children had myocardial leads implanted.? Hayes et al 
reported that in their patients 1396 of those with 
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transvenous endocardial leads required a second 
operation compared with 3596 of those with epicardial 
pacing. In the patients with epicardial pacing 
reoperation involved a thoracotomy in 1896. We 
preferred to use epicardial leads in children because 
(a) we wanted to save the transvenous access for later 
life and (b) recovery after a small thoracotomy was 
always uneventful in children. 

Gillette et al established clear criteria for 
transvenous pacing in children: they were (a) aged 4 
years or more; (b) weighed 15 kg or more; (c) had no 
right to left shunt; (d) had adequate communication of 
a superior vena cava with at least part of an atrium; 
and (e) were not undergoing a simultaneous cardiac 
operation. 2% 

Growth and lead stretch were not a major cause of 
failure in either transvenous or epicardial leads. One 
patient (case 9) to date has been paced by the same 
transvenous lead for 130 months. The persistent small 
size of this child is the reason for the absence of lead 
complications. In only one patient (case 6) was lead 
stretch. the apparent cause of fracture in the 
transvenous lead. Fracture occurred after 118 months 
when the child had grown very tall. 

Fracture of epicardial leads occurred after seven 
months (case 1), 16 months (case 3), 13 months (case 
12), and four months (case 14). Lack of surgical skill 
and technical defects rather than growth and lead 
stretch are the most likely causes of failure after so 
short a period of time. To date well implanted 
epicardial leads have been functioning for 63 (case 1), 
82 (case 2), 73 (case 5), 76 (case 7), 96 (case 7), 87 
(case 8), 135 (case 10), 128 (case 12), and 54 (case 13) 
months. 

Repositioning of the endocardial lead was necessary 
in two out of five patients who had received a 
transvenous lead (two initial and three subsequent 
implants). The complication of exit block or 
dislocation or both would probably have been 
prevented by the use of leads with active or passive 
fixation. To achieve maximum reliability and 
longevity of cardiac pulse generators, we now prefer 
to use isotopic pacemakers in young people. The 
benefits of the increased longevity of the lithium 
battery, which was initially very promising, are 
outweighed by the initial demands for a smaller size 
and later for more complex circuits. The longevity 
and reliability of the isotopic pacemaker have been 
found to be superior to pacemakers powered by 
chemical batteries.?? Parsonnet et al reported on 151 
atomic units implanted in 131 patients.’® The survival 
of pacemakers after 10 years was 9296. This high 
reliability and superior performance suggest that the 
continued use of a radioisotopic power source is 
justified. 

The short life of the pacemakers used in the first 
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decade of paediatric pacing is shown in Table 2. Only 
six of the 34 replaced pacemakers functioned for 50 
months or more. The limited life of mercury-zinc 
batteries together with the large size of their 
generators has played an important role in the 
complication rate. Attempts to manufacture small 
pacemakers with only one or two mercury-zinc 
batteries resulted in further shortening of longevity 
ahd a reduction in reliability. 

Despite the high complication rate, pacing in 
children is a challenge that must be accepted by a 
pacemaker clinic. The long term follow up is a 
rewarding experience which is echoed by others.?4 25 
Despite frequent . admissions to hospital and 
pacemaker replacements paced children have normal 
physical development and psychological maturátion. 
The important advances in equipment and techniques 
will largely improve the outlook for the future of 
paced children. 
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Predictive value and limitations of the ST/HR slope 
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SUMMARY To assess the value and predictive limitations of the exercise ST/HR slope, exercise test 
results were compared in 50 patients with stable angina and in 17 normal subjects with those in two 
groups known to have a high prevalence of inaccurate electrocardiographic responses to exercise. 
The last two groups included 51 patients tested within three weeks of acute myocardial infarction 
and 17 with important aortic regurgitation but no coronary disease. Of the normal subjects, 16 
(94%) had ST/HR values <1-1 uV/beat/min. Of those with stable angina pectoris, 42 of 46 (9196) 
patients with coronary artery disease had ST/HR slopes ranging from 1:2 to 20-0 uV/beat/min, with 
false negative findings (slopes «1-1 i V/beat/min) in only four (996). In contrast, of those with recent 
myocardial infarction, 15 of 42 (36%) with coronary disease had false negative slopes, including 12 of 
20 (6096) with anterior wall injury. Of those with aortic regurgitation, conversely, 14 of 16 (88%) 
patients with calculable ST/HR slopes had values 71:1 pV/beat/min despite the absence of coronary 
disease. 

Despite the accuracy of the test in patients with stable angina, false negative results are common 
in those after recent myocardial infarction, and false positive results occur often in those with 


abnormal volume loading due to aortic regurgitation. 


The rate related change in ST segment depression 
during exercise (the ST/HR slope) has been shown by 
Elamin et al and Kardash et al to identify accurately 
patients with coronary artery disease and to categorise 
patients with stable angina according to the extent of 
coronary disease.!^? In patients evaluated by tread- 
mill exercise electrocardiography using a modified 
ST/HR slope analysis based on three electrocardiog- 
raphic leads, we have found that this new method can 
improve the sensitivity, specificity, and predictive 
value of the exercise electrocardiogram for identifying 
three vessel coronary artery disease in patients with 
stable angina.^ 

Nevertheless, both the theoretical basis? and clini- 
cal applicability®’ of this technique have been chal- 
lenged. Attempts by others to reproduce the perfect 
test accuracy of the ST/HR slope, using original bicy- 
cle exercise methodology, have been less successful, ? 
and we have also found false positive and false nega- 
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tive test responses in relation to the extent of coronary 
disease that require further evaluation. To assess poss- 
ible sources of error that might affect the applicability 
of the ST/HR slope as a test we compared tbe results 
in normal subjects (group 1) and patients with stable 
angina (group 2) with those in two groups of patients 
known to have a high prevalence of inaccurate elec- 
trocardiographic responses to exercise, those 
examined before hospital discharge after acute 
myocardial infarction (group 3) and those with impor- 
tant aortic regurgitation who had no coronary disease 
(group 4). 


Patients and methods 


GROUP 1 

Seventeen normal subjects (including 16 men), whose 
mean (SD) age was 33 (12) (range 23-57) years, were 
selected from a clinically normal population with no 
history, symptoms, or signs of cardiac disease. None 
underwent coronary angiography. Nevertheless, each 
subject had a normal resting electrocardiogram and 
normal M mode echocardiogram.® In addition, each 
subject had a normal resting and exercise radionuclide 
cineangiogram,? with a >5% increase in left ventricu- 
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lar ejection fraction during exercise and no evidence 
of localised wall motion abnormality. During stan- 
dard exercise electrocardiography upsloping ST seg- 
ment depression approaching 0-1 mV was present in 
two (1296) but none had horizontal or downsloping 
ST depression that reached 0-1 mV.1? 


GROUP 2 

Fifty patients had stable angina pectoris (including 42 
men and eight women) whose mean age was 53 (11) 
(range 31-74) years. Although 22 (4496) had had a 
previous myocardial infarction, in none had infarction 
occurred within two months of exercise testing. All 
patients underwent coronary angiography, and the 
extent of disease was graded according to the criteria 
used by Elamin et al.2 Eighteen patients had three 
vessel coronary artery disease, including five with 
additional left main stem disease, 22 two vessel dis- 
ease, six one vessel disease, and four no significant 
coronary disease. Ат the time of testing 28 (56%) 
patients were taking beta blocking drugs and two 
(4%) digitalis. 


GROUP 3 

Fifty-one patients had recent myocardial infarction 
(including 48 men and three women), whose mean age 
was 51 (10) (range 26-29) years. Each was examined 
as part of a routine predischarge assessment between 
10 and 21 days after admission to hospital for acute 
myocardial infarction. Twenty-four patients had a 
recent transmural anterior wall myocardial infarction 
and 27 other types of infarction including 17 with a 
recent transmural inferior or true posterior wall 
infarction and 10 with a recent subendocardial infarc- 
tion. All patients underwent coronary angiography: 
nine had three vessel coronary disease, 22 two vessel 
disease, 17 one vessel disease, and three no significant 
coronary disease. At the time of testing 11 (22%) were 
taking beta blocking drugs and five (10%) digitalis. 


GROUP 4 

Seventeen patients had aortic regurgitation (including 
13 men and four women), whose mean age was 53 (14) 
(range 28-71) years. Each was studied as part of a 
longitudinal study of the natural history of valvar reg- 
urgitation. All these patients had haemodynamically 
important aortic regurgitation without’ additional 
valve lesions and were included because of the 
absence of coronary artery disease when examined at 
cardiac catheterisation because of symptoms or signs 
indicating a possible need for aortic valve replace- 
ment. At the time of testing one (6%) patient was 
: taking beta blocking drugs and nine (59%) digitalis 
until three days before the test. Data were stratified 
for possible drug effects on the electrocardiogram. 
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EXERCISE ELECTROCARDIOGRAPHY 

All exercise electrocardiograms were performed on a 
treadmill using standard or modified Bruce pro- 
tocols.!! Except in patients with recent myocardial 
infarction, in whom exercise was limited to 65-75% of 
maximum predicted heart rate, maximum heart rates 
were sought as the exercise endpoint. Tests were 
stopped if limiting chest pain, a fall in systolic blood 
pressure, three or more sequential ventricular 
extrasystoles, or limiting fatigue, dyspnoea, or dizzi- 
ness occurred. Mean peak heart rates achieved were 
177 beats/min in the normal subjects, 125 beats/min 
in patients with stable angina, 122 beats/min in those 
with recent myocardial infarction, and 153 cass 
in those with aortic regurgitation. 


ST/HR SLOPE CALCULATION 

The rate related change in ST segment depression 
(ST/HR slope) was calculated according to our previ- 
ously reported modification* of the method developed 
by Elamin et al and Kardash et al.!~3 The magnitude 
of ST segment depression, to the nearest 25 рУ 
(1mm-100 рУ), was averaged in 3—4 complexes 
from a point 70 ms after the J point. ST segment 
measurements in leads aVF, V5, and V6 were related 
to heart rate, and the ST/HR slope was calculated 
from the linear regression data relating these vari- 
ables. For each lead, the slope derived from linear 
regression analysis of the final three data points at 
peak exercise was compared with those obtained by 
including progressively earlier data. The highest slope 
with a statistically significant coefficient of linear cor- 
relation from among the three leads was selected as 
the test result. An upper limit of normal 1-1 д\/ 
beat/min, as previously reported by Elamin et al,? was 
taken as accurately identifying normal subjects and 
those with stable angina pectoris. An ST/HR slope 
value of 6-0 i V/beat/min has previously been found 
to identify accurately patients with and without three 
vessel coronary disease among those with stable 
angina,* and agrees closely with the findings of 
Elamin et al.! 2 


DATA ANALYSIS 

Definitions of test sensitivity, specificity, positive 
predictive value, and overall accuracy conform to 
standard usage as previously reported.^ Mean values 
are given with the standard deviation (SD) as the 
index of dispersion, and means were compared using 
Student's ¢ test for unpaired samples. Proportions 
were compared using the x? test with Yates's correc- 
tion for continuity. 


Results 


The Figure shows the calculated exercise ST/HR 
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Figure ST/HR slope in 17 normal subjects (group 1), 46 patients with stable angina pectoris (group 2), 42 
patients with recent myocardial infarction (group 3), and 16 patients with aortic regurgitation (group 4). A slope of 
1-1 uV /beatimin represents the upper limit of normal! ? and a slope of 6-0 uV /beatimin was used to identify three 


vessel disease.'?4(100 рУ —1 mm.) 


slopes for all four groups of subjects. Using a value of 
1-1 uV/beat/min as distinguishing between normal 
and abnormal ST/HR slopes in the normal subjects 
and in the patients with stable angina pectoris due to 
coronary disease resulted in a test sensitivity of 9196 
(42/46), a specificity of 9496 (16/17), a positive predic- 
tive value of 9896 (42/43), and an overall accuracy of 
92% (58/63) in identifying coronary artery disease. 


NORMAL SUBJECTS (GROUP 1) 

A statistically valid ST/HR slope could be calculated 
for all the normal subjects. The mean ST/HR slope in 
this population was 0:12 (0-4) (range 0-0-1-4) my 
beat/min. The ST/HR slope was «1-1 in 94% (16/17) 
of these subjects. 


PATIENTS WITH STABLE ANGINA (GROUP 2) 

A statistically valid ST/HR slope could be calculated 
in all the patients with stable angina pectoris. In this 
group, 46 (9296) patients had significant coronary 
artery disease found at coronary angiography. The 
mean ST/HR slope in these 46 patients was 5-5 (4-4) 
(range 0-7—20-0) i. V/beat/min. Of these, 42 (91%) had 
ST/HR slopes >1-1 4V/beat/min, while only four 
(996) had ST/HR slopes «1-1 pu V/beat/min. 


PATIENTS WITH MYOCARDIAL INFARCTION 
(GROUP 3) 

Of the 51 patients with recent myocardial infarction, 
48 (9496) had coronary artery disease at angiography 


after exercise testing. In six (1296) patients no statisti- 
cally valid ST/HR slope could be calculated owing to 
insufficient data points or to non-linear test responses, 
despite underlying coronary disease in each of these 
patients. Of the 45 patients with a calculable slope, 42 
(9396) had coronary disease. 

The mean ST/HR slope in myocardial infarction 
patients with coronary disease was 3-8 (5-6) (range 
0-0-30-4) u V/beat/min. In contrast to patients with 
stable angina, ST/HR slopes «1:1 uV/beat/min were 
found in 15 (3696) of the 42 myocardial infarction 
patients with coronary artery disease during predis- 
charge exercise testing (p<0-005). False negative val- 
ues were particularly common among patients after 
acute transmural anterior wall myocardial infarction, 
of whom 12 (60%) had ST/HR slopes «1:1 and 10 
(5096) slopes of 0-0 2V/beat/min. In contrast, ST/HR 
slopes <1-1 uV/beat/min occurred in only three 


: (1496) of 22 patients with recent inferior or suben- 


docardial myocardial infarction (p<0-01). 


PATIENTS WITH AORTIC REGURGITATION 

(GROUP 4) 

None of the 17 patients with aortic regurgitation had 
coronary artery disease at angiography. In one patient 
no statistically valid ST/HR slope could be calculated. 
Each of the remaining 16 patients had a calculable 
ST/HR slope (mean 3-1 (1-6) (range 0-0-5-3) Vj 
beat/min). False positive values were common in this 
group. Despite the absence of coronary disease, 14 
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(88%) patients with haemodynamically important aor- 
tic regurgitation had ST/HR slopes >1-1 uV/beat/ 
min compared with only one (696) of the normal sub- 
jects (p« 0-001). Although over half the patients in 
this group had been taking digitalis until several days 
before testing, this could not be implicated as the 
cause of the false positive ST/HR responses. Mean 
ST/HR slope in the nine patients recently taking 
digitalis (2-9 (1-9) uV/beat/min) was no different from 
that in the seven patients not taking digitalis (3-3 (1:2) 
pV/beat/min, NS). 


Discussion 


Previous studies in Leeds!~3 and in our laboratory? 
have shown that the ST/HR slope can significantly 
improve the accuracy of exercise electrocardiography 
in identifying and quantifying coronary disease in 
patients with stable angina pectoris. As predicted by 
Fox’ and shown by Quyyumi et al$ and by Balcon 
et al,’ however, false positive and false negative test 
responses for the presence and anatomical extent of 
coronary disease can occur. This is in striking contrast 
to the perfect accuracy of the ST/HR slope reported 
by Elamin et al and Kardash et al.17? 

Our data suggest that conflicting reports of the 
applicability of this method might be partly explained 
by- the relation of the ST/HR slope to factors other 
than the number of obstructed coronary arteries. 
Although our present findings confirm the ability of 
the ST/HR slope to distinguish patients with coronary 
disease and stable angina from normal subjects, it is 
also apparent that the ST/HR slope is often in the 
normal range in patients with recent myocardial 
infarction despite extensive coronary obstruction. 
Furthermore, we have found that the ST/HR slope is 
often significantly increased in patients with aortic 
regurgitation despite the absence of coronary disease. 

It is well recognised that exercise electrocardio- 
grams are commonly negative by standard test criteria 
after myocardial infarction,!2~ 1^ and the ST/HR slope 
appears to be similarly limited in accuracy after 
infarction. False negative responses occurred most 
often after recent anterior wall injury partly owing to 
persistent ST segment elevation affecting the 
anterolateral leads. The applicability of the ST/HR 
slope after myocardial infarction was further reduced 
by the high prevalence of incalculable slope values. In 
contrast, statistically valid ST/HR slopes could be cal- 
culated in all patients with stable angina. 

Conversely, false- positive ST/HR slope responses 
might be predicted among patients with aortic regur- 
gitation since standard exercise test criteria are often 
positive in patients with valvar heart disease who do 
not have coronary disease.!5 16 Indeed, most patients 
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with aortic regurgitation had ST/HR slope values that 
were similar to the calculated slopes in our patients 
with coronary disease. Although some of our patients 
with aortic regurgitation had recently been taking 
digitalis, a drug effect cannot explain the electrocar- - 
diographic findings since identical changes occurred 
in the absence of digitalis. 

Associated myocardial infarction, additional valvar 
disease, and a variable prevalence of three vessel dis- 
ease must therefore be considered in the interpreta- 
tion of apparently conflicting reports of the accuracy 
of the ST/HR slope.! *57 We agree that perfect 
results! 5 are unlikely with any test, but this issue 
should not obscure major improvements in overall 
test accuracy.^ The patients studied by Quyyumi 
et 416 were not characterised with regard to recent 
myocardial infarction or additional cardiac disease. 
Although Balcon et ai? excluded patients with valvar 
disease from their study,’ a substantial proportion of 
their population was reported to have previous 
myocardial infarction, including their only two 
patients who had three vessel coronary disease. We 
have also found an important overlap in ST/HR slope 
values in patients with one and two vessel disease.^ 
Nevertheless, the unusually low prevalence of 
advanced coronary disease in patients reported by 
Balcon et al makes their findings potentially compat- 
ible with our finding that the ST/HR slope can 
improve recognition of three vessel disease in patients 
with stable angina pectoris. 

Our findings therefore show that variability in the 
extent of the disease can appreciably affect the accu- 
racy and applicability of the ST/HR slope. In 
ischaemic heart disease, the method appears to be 
most predictive in patients with stable angina pec- 
toris. In the immediate postinfarction period the 
accuracy of the test is limited, perhaps because of 
discordant ST segment responses associated with 
récent injury and wall motion abnormalities in these 
patients. Among patients with non-ischaemic heart 
disease, it is reasonable to predict that further false 
positive ST/HR slope responses will be found with 
abnormal loading conditions in addition to aortic re- 
gurgitation. The predictive value of the ST/HR slope 
in hypertension and in the cardiomyopathies remains 
to be evaluated. We conclude that the patient popula- 
tion must be carefully selected in further evaluations 
of the ST/HR slope. In addition, the correlation of the 
ST/HR slope with geometric and functional variables 
may provide further insight into the mechanism of 
repolarisation changes in ischaemic and non- 
ischaemic heart disease. 
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Right atrial embolus 
Echocardiographic features 


G BERGMAN, M MONAGHAN, K DALY, D E JEWITT 
From the Cardiac Department, King's College Hospital, London 


SUMMARY Although the value of echocardiography in detecting left heart thrombus is well recog- 
nised, right atrial thromboembolism has rarely been identified in life. In two patients with pulmo- 
nary embolism of varying severity cross sectional echocardiography identified a thrombus moving 
freely within the right atrium and clearly showed its string-like or even tubular structure. An 


embolectomy, 


based on the echocardiographic diagnosis, 


was undertaken successfully in one 


patient. The value of routine echocardiography in patients with suspected pulmonary embolism is 


yet to be confirmed. 


Intracardiac thrombus, a well recognised and impor- 
tant necropsy finding,' can now be identified in life by 
echocardiography.?? The ability of this technique to 
detect intracardiac thrombus in the left ventricle and 
left atrium is well described.? * Only two isolated case 
reports of the echocardiographic features of right 
atrial thromboembolism have, however, been 
reported.* 5 We report the echocardiographic findings 
in two patients with a mobile right atrial thrombus, in 
whom pulmonary embolism occurred. The M mode 
and cross sectional echocardiographic appearances in 
both cases were similar and form important and 
specific diagnostic criteria for the detection of right 
atrial embolus. 


Patients and methods 


CASE 1 

A 59 year old West Indian man was admitted with 
sudden onset of breathlessness while climbing stairs at 
home. On examination he was apyrexial (temperature 
36°C) and dyspnoeic at rest (respiratory rate 40/min) 
with a non-productive cough. His heart rate was 120 
beats/min and his blood pressure 150/90 mm Hg, and 
the central venous pressure was not raised. The heart 
sounds were normal, but a soft and variable mid dias- 
tolic murmur was audible. 
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Chest radiographs showed a cardiothoracic ratio of 
16:29 but no specific chamber enlargement, and the 
lung fields were clear. An electrocardiogram 
confirmed sinus tachycardia, a QRS axis of +90°, and 
poor R wave progression. The arterial pH was 7-4, 
Pco, 32 mm Hg, and Po, 62 mm Hg when the 
patient was breathing room air. 


ECHOCARDIOGRAPHIC FINDINGS 

Cross sectional and M mode echocardiograms were 
recorded using a Smith Kline Mechanical Echosector 
II. During routine M mode echocardiography of the 
right heart a normal tricuspid valve was clearly seen. 





EE RA moss] 
Fig. 1 М mode echocardiogram (case 1) showing a normal 


tricuspid valve (TV) and a randomly moving mass within the 
right atrium (RA). 
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Right atrial embolus 
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Thrombus 


Fig. 2 Right atrial angiogram (a) (case 1) with explanatory diagram (b) during systole showing a massive space occupying lesion 


within the right atrium. TV, tricuspid valve. 


Nevertheless, below this a randomly moving, echo 
reflecting mass approximately 1-0 cm in thickness was 
evident in the right atrium (Fig. 1). A cross sectional 
echocardiogram showed this same structure as a long 
coiled, string-like mass moving freely within the right 
atrium. The mass did not reflect the echoes strongly, 
so a high gain setting and low reject were necessary to 
visualise it clearly. Although well visualised in the 
short axis (at the aortic valve level), subcostal, and 
apical four chamber views, no clear point of attach- 
ment was apparent. 


Additional findings 

A lung perfusion scintigram showed filling defects in 
the left mid zone and right upper zone but a ventila- 
tion scan was normal. Right atrial angiography 
showed multiple large mobile filling defects that pro- 
lapsed across the tricuspid valve during diastole 
(Fig. 2). Subsequently, during preparation for 
surgery the patient collapsed and died. Postmortem 
examination confirmed a slightly enlarged heart 
(432 g) with mild left ventricular hypertrophy; the 
right ventricle was dilated but there were no intracar- 
diac thrombi. Three major emboli were, however, 
removed from the pulmonary arterial tree, the most 
recent (22 cm in length) lay coiled astride the main 
pulmonary bifurcation (Fig. 3). Both lungs showed 
areas of peripheral infarction. Antemortem throm- 
bosis was present in the veins of both calves and in the 
femoral vein on the left side only. 


CASE 2 

A 74 year old white woman had been unwell for sev- 
eral days with no specific symptoms. Two days before 
admission she had had an episode of acute breathless- 
ness and had fainted.She also had a two year history of 
angina pectoris and palpitation. On the day of admis- 
sion she had a two hour episode of severe central chest 
pain and breathlessness. On examination she was 
mildly breathless and not distressed. She was in atrial 
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Fig. 3 Morphological appearance of a massive embolus (Em) 
impacted in the pulmonary bifurcation (case 1). When uncoiled 
this (probable) venous cast was 22 cm in length. MPA, main 
pulmonary arteries. 
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Fig. 4 М mode sdicerdiopen (case 2) showing a normal tricuspid valve and a randomly moving 


thrombus posterior to it and within the right atrium. 


fibrillation with an apex rate of 130 beats/min; her 
blood pressure was 110/70 mm Hg and the heart 
sounds were normal. Her chest was clear, but she did 
have slight ankle oedema. An electrocardiogram 
confirmed uncontrolled atrial fibrillation and right 
bundle branch block. А chest radiograph showed 
upper lobe blood diversion. 

She was initially thought to have had acute myocar- 
dial infarction, but early the next morning she com- 
plained of further breathlessness and chest discom- 
fort. She became hypotensive (90/50 mm Hg), her 
venous pressure was raised, and there were signs of 
consolidation at the base of the left lung. A chest 
radiograph showed an effusion and collapse of the left 
lower lobe. 


Echocardiographic findings 

Cross sectional and M mode examinations were per- 
formed with a Hewlett Packard phased array 
ultrasound system. The M mode echo (Fig. 4) 
showed two parallel randomly moving echoes within 
the right atrium, which were separated by approxi- 
mately 1 cm. As in the previous case, the cross sec- 
tional echocardiogram was more impressive, clearly 
showing a tubular structure approximately 1 cm in 
diameter and 4 or 5 cm in length moving freely within 


the right atrium but apparently attached at one end to 
the interatrial septum.Figure 5 shows an apical four 
chamber view in which the thrombus can be clearly 
visualised within the right atrium. In a parasternal 
modified short axis plane at aortic valve level the 
thrombus was visualised, in its own short axis, as а 





Fig. 5 Cross sectional echocardiogram (case 2) in the apical 
four chamber view showing a tubular mass (TM) within the right 
atrium (RA). TV, tricuspid valve; RV, right ventricle; LV, left 
ventncle. 


Right atrial embolus 


ring-like object. These echocardiographic findings 
suggested the diagnosis of an embolised venous cast. 


Additional findings 

Based upon previous experience urgent surgery was 
advised. At operation an extensive thrombus was 
found in the right atrium and inferior vena cava. 
Pulmonary artery pressures were moderately raised 
(47/15 mm Hg), but no definite areas of pulmonary 
infarction were noted. The postoperative recovery 
was initially uncomplicated, but on the fourth post- 
operative day she had haemoptysis with further signs 
in the chest. A chest radiograph confirmed a new effu- 
sion and pulmonary collapse. Venography showed 
extensive left iliofemoral venous thrombosis. She was 
treated with urokinase and subsequently with warfa- 
rin. Recovery was uneventual thereafter. 


Discussion 


Although the clinical presentations of these two cases 
were slightly different, the echocardiographic features 
were strikingly similar. The characteristic appearance 
on M mode echocardiography was of an echo reflect- 
ing mass within the right atrium which moved ran- 
domly and was quite separate from a normal tricuspid 
valve. Although an early report related a massive 
pulmonary embolus to “dense shaggy echoes closely 
applied to the tricuspid valve” ,5 the masses here were 
much less dense, clearly separated from the tricuspid 
valve, and much more like the recognised features of 
left atrial thrombus.’ Important further detail was 
apparent on cross sectional echocardiograms which, 
in both cases, showed the object to be string-like 
(coiled or even tubular in form) and freely mobile; 
again it was not strongly echo reflective and therefore 
necessitated instrument settings of high gain or 
transmit and low reject or compression. Nevertheless, 
cross sectional echocardiography did not show a 
definite point of attachment. Importantly, there was 
no inferior vena caval extension. 

There is little doubt that the echocardiographic 
masses were major emboli moving towards the lungs. 
In one patient (case 1) angiography confirmed a 
mobile right atrial mass that could only have been the 
massive thrombus found impacted in the pulmonary 
bifurcation at necropsy. Similarly, in the second case 
a thrombus was again clearly identified as the source 
of the characteristic echocardiographic appearance. 
Thus the characteristic features of a right atrial 
thrombus appeared to be those of a poorly echo 
reflective mass, usually with a string-like appearance 
moving randomly within the right atrium but with 
clear separation from the tricuspid valve and inferior 
vena cava. The mass should be visible in several cross 
sectional echocardiographic views to exclude the pos- 
sibility of artefact. 
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The clear separation from the tricuspid valve 
excludes the possibility of vegetation or redundant 
valve apparatus. The acoustic properties, absence of 
stalk and point of attachment, and absence of para- 
doxical septal motion differentiate this mass from a 
myxoma. The absence of pericardial effusion, 
involvement of the right atrial wall or one or other 
vena cava, and the low echo reflectance also exclude 
the possibility of primary or secondary tumour.* No 
previously reported features of congenital heart dis- 
ease could account for these findings, although the 
vestiges of an inferior vena caval valve could be misin- 
terpreted as a right atrial mass. Nevertheless, the 
characteristic features of the inferior vena caval valve, 
both the site and orientation of the echoes, and their 
“bright rotatory features"? are quite different from 
the structure described here and should alert the 
echocardiographer to this diagnosis. 

Although the second patient appeared to have had 
several small pulmonary emboli, a major episode was 
probably prevented.Thus when massive pulmonary 
embolism is suspected such echocardiographic fea- 
tures might permit more urgent surgery and obviate 
the risks of pulmonary angiography. 

While the overall incidence of two cases among 
approximately 4000 examined by routine echocar- 
diography in a two and a half year period is low, the 
incidence among patients with suspected pulmonary 
embolism may be higher, and thus the potential value 
of routine echocardiography in such patients remains 
open to discussion. 
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Immunogenicity and the vascular risk of oral 
contraceptives. 


C PLOWRIGHT, S А ADAM,* M THOROGOOD, V BEAUMONT,f 
JL BEAUMONT,+ J I MANN 


From the Department of Community Medicine and General Practice, University of Oxford, Oxford 


SUMMARY Data concerning circulating immune complexes were obtained for women who had had a 
pulmonary embolism, myocardial infarction, or cerebral thrombosis, and for 224 healthy controls. 
In women with pulmonary embolism who had used oral contraceptives concentrations of circulating 
immune complexes were significantly higher than in healthy controls (regardless of oral contracep- 
tive use), or in thosé with pulmonary embolism who had never used these preparations. Concentra- 
tions of circulating immune complexes were not raised in myocardial infarction, but these women 
had major risk factors for ischaemic heart disease. The group of patients with cerebral thrombosis 
without risk factors tended to have high concentrations of circulating immune complexes. 

` The data provide some confirmation that immunological mechanisms may play a role in thrombo- 
tic episodes associated with oral contraceptives, expecially when they occur in the absence of risk 


factors for vascular disease. 


The association between oral contraceptives and 
thrombosis is now well established. Initial case 
reports have been confirmed by - epidemiological 
studies, and users of oral contraceptives appear to be 


at an increased risk of venous thromboembolism,!-3 - 


cerebral thrombosis,?3 and myocardial infarction.? 4 5 

Oral contraceptives are well known to be associated 
with abnormalities of lipid and carbohydrate metabol- 
ism, which are in turn associated with an increased 
risk of ischaemic heart disease. It has been shown that 
the use of oral contraceptives is associated with 
changes in the coagulation and fibrinolytic systems.5 
In addition, changes in the structure of the vessel 
walls have been reported." None of the metabolic and 
haematological disturbances has been shown to be 
predictive of clinical cardiovascular disease in oral 
contraceptive users. А case report of a 36 year old 
woman who used oral contraceptives described the 
association of pulmonary artery thrombosis and an 
antiethinyloestradiol monoclonal IgG. This combina- 
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tion of rare events suggested that an immunological ' 
mechanism might play a role in thrombosis among 

oral contraceptive users. Further studies indicated 

that some oral contraceptive users developed circula- 

ting immune complexes that precipitate in 2596 satu- 

rated ammonium sulphate and that may contain anti- 

ethinyloestradiol antibodies.?!° Laboratory methods 

were subsequently developed to test samples of ven- 

ous blood for circulating immune complexes and anti- 

ethinyloestradiol antibodies. ! ! 

The purpose of this collaborative study was to: 
apply these laboratory methods to a large population 
of women, with and without thrombosis, who were 
users and non-users of oral contraceptives. It was 
hoped that this would allow us to study further the 
precise role of circulating immune complexes in the 
aetiology of cardiovascular disease associated with oral ' 
contraceptive use and to estimate the potential value 
of measuring circulating immune complexes as a 
screening test for oral contraceptive users at high risk 
of thrombosis. : 


Patients and methods 


STUDY POPULATION 

We identified all women aged 15—44 years discharged 
from hospitals in the Oxford region, Gloucestershire, 
Wiltshire, and Bedfordshire during 1974—1979 with a 
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Table 1 Numbers (percentages) of cases excluded from the 
study after reviewing hospital records 


Insufficient evidence of diagnosis 122 (19) 
Within four months of surgery, trauma, delivery, or 

during pregnancy 137 (21) 
Died between admission and study 53 (8) 
Underlying iliness contributing to diagnosis 32 (5) 
Notes missing or miscoded (for example, wrong 

diagnosis, age, sex) 89 (14) 
Total excluded after reviewing hospital records 433 (67) 
Cases considered to be suitable for study 210 (33) 
Total cases reviewed 643 





diagnosis of myocardial infarction (International 
Classification of Diseases (ICD) eighth revision, 
rubric 410), cerebral artery thrombosis (ICD eighth 
revision, rubric 433), or pulmonary embolism (ICD 
eighth revision, rubric 450). Having obtained the 
permission of the consultant, two of us (SAA and CP) 
reviewed the hospital case notes for each of the 643 
women in order to assess their suitability for inclusion 
in the study and to collect data on cardiovascular risk 
factors. Objective diagnostic criteria were required for 
inclusion in the study and women were excluded for 
the reasons shown in Table 1. The majority of exclu- 
sions were of women who were coded as having pul- 
monary embolism but in whom either there was 
insufficient evidence of diagnosis (no confirmatory 
radiograph, electrocardiogram, or lung scan) or an 
association of the event with a predisposing factor 
such as surgery, trauma, pregnancy, or delivery. 

We then approached the general practitioners of the 
210 women who were considered suitable for inclu- 
sion in the study to obtain their consent for us to visit 
their patients. Five (2%) women were excluded at the 
general practitioner’s request. Letters were sent to the 
remaining 205 women explaining the purpose of the 
study and seeking their cooperation. The provisional 
date for a home visit was given, and if they were 
willing to help with the study they were asked to let us 
know whether this was convenient. If not an alterna- 
tive date was arranged. It was not possible to visit 72 
(34%) women, either because we could not contact 
them or because they would have found a home visit 
inconvenient or unwelcome. 

The remaining 133 women were visited at home 
and asked to complete a questionnaire providing 
information about past medical history, family his- 
tory, smoking history, menstrual history, height, 
weight, and the use of oral conceptives and other 
hormones. A sample of 20 ml venous blood was col- 
lected into a plain glass container and stored at 4°C for 
12 hours before spinning at 3000 rpm for 15 minutes. 
A 5 ml aliquot was then despatched to Paris for meas- 
urement of circulating immune complexes. The ali- 
quots were transported in numbered plastic tubes, 
within cold storage containers to maintain the temp- 
erature at 4°C, and reached Paris within eight hours of 
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leaving Oxford and within one week of being col- 
lected. Blood samples were not obtained for 19 (996) 
women, either at their own request or because they 
were considered to be too ill. Thus complete data, 
including the results of the blood tests, were available 
for 114 women, 5496 of those originally considered 
suitable for inclusion in the study. 


CONTROL GROUP 

As well as including these women, we also collected 
similar information and blood samples from 224 
women without a history of thrombosis. These 
women were identified through general practitioners, 
family planning clinics, and the Oxford Regional 
Blood Transfusion Service, and came from the same 
health districts and in similar proportions to the 114 
women with thrombotic disease. The controls were 
not selected randomly but chosen to include reason- 
able numbers of women who had a history of oral 
contraceptive use, both current users and ex-users, 
and women who had never used oral contraceptives. 
Thus our data cannot be used to provide evidence 
concerning the risk of cardiovascular disease associ- 
ated with the use of oral contraceptive. 

АП blood samples were handled in a similar way, 
and each batch that was despatched to Paris could 
include aliquots from women in each group. The 
numbers were allocated randomly, and the laboratory 
tests were carried out without knowledge of the clini- 
cal details. 


PROTEIN ANALYSIS 

The laboratory methods are described in detail else- 
where.!? Serum precipitation was achieved with 2596 
saturated ammonium sulphate incubated overnight at 
4°C. Quantitative determinations of the precipitated 
proteins were carried out by Lowry’s method and 
expressed as ир proteins/ml serum. The coefficient of 
variation of the method is 16%. A cut off point of 
700 ug was estimated for the upper limit of normal 
according to a group of controls.!? Analysis of these 
proteins showed two results. Firstly, they contained 


Table 2 Numbers of women by history of thrombotic disease 
and oral contraceptive use 








Oral contraceptive* With thrombosis Without thrombosis 
Current users 61 106 
Past users 36 78 
Never users 17 40 
Total 114 224 





*Current use is defined for women with thrombosis as use within the 
month before the thrombotic episode (regardless of total duration) 
and past use as use at any other time before that (regardless of 
duration). All women who suffered a thrombotic episode stopped 
using oral contraceptives after the diagnosis. For women without 
thrombosis the terms past and current were also used, the reference 
point being the time when the blood sample was taken. 
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Figure Circulating immune complexes in (а) healthy never - 
users, (b) healthy ever users, (c) ever users with myocardial 
infarction, (d) ever users with cerebral thrombosis, (e) ever users 
with pulmonary embolism, (f) never users with myocardial 
infarction, (g) never users with cerebral thrombosis, and (h) never 
users with pulmonary embolism. . 


almost exclusively immunoglobulins and complement 
fraction.!! This protein content, together with the 
characteristics of precipitation in ammonium sulphate 
- at 2596 saturation, compared with 3396 for normal 
unbound immunoglobulins, are consistent with cir- 
culating immune complexes. Secondly, in most 
cases!? radioimmunoassays indicated that the precipi- 
tated immunoglobulins had binding activities for 
tritiated ethinyloestradiol by their Fab fragment, 
though even in oral contraceptive users the circulating 
immune complexes may contain antibodies to other 
ligands. The data were analysed using a statistical 
package for the social sciences.!* The Wilcoxon test 


Plowright, Adam, Thorogood, Beaumont, Beaumont, Mann 


was used to determine the statistical significance of 
results. 


Results 


Complete data were obtained on 114 women with and 


, . 224 women without thrombotic disease. These two 
groups were subdivided for analysis into women who 


were current, past, or never users of oral contracep- 
tives, as shown in Table 2. (For the study groups, 
current use is defined as use within the month preced- 
ing the thrombotic episode and for the controls as use 
at the time of blood collection.) The group of women 
wth thrombotic disease included 28 with myocardial 
infarction, six with cerebral artery thrombosis, and 80 
with pulmonary embolism. All but three of the 
women with myocardial infarction had recognised 
risk factors for ischaemic heart disease, whereas none 
of the patients with stroke were known to have major 
cardiovascular risk factors—namely, hypertension, 
hyperlipidaemia, smoking, or diabetes. 

The reproducibility of the measurements of the 
concentrations of circulating immune complexes was ` 
assessed by analysing two or three repeat samples at 
intervals on 11 women (seven with and four without 
thrombotic events) participating in the study. Except 
for a single high result in one patient, which was not 
confirmed on a repeat testing, the results showed con- 
sistency. The coefficient of variation was within that 
demonstrated for the method. 


CONCENTRATIONS OF CIRCULATING IMMUNE 
COMPLEXES 

The Figure shows the concentrations of circulating 
immune complexes plotted on a log scale for each 
subgroup (see Table 3 for data). 


Healthy users and non-users 

Concentrations of circulating immune complexes 
tended to be higher in healthy ever users of oral con- 
traceptives than in women who never used the prep- 


Table 3 Concentrations of circulating immune complexes (CIC) in patients and healthy women 





Diagnostic category No of Concentration of CIC (рет!) 
шотеп : 
Меап Мейап SD 96 of women % of women 
with «700 with 700 

Oral contraceptive users (either 

current or past): 

With myocardial infarction 19 2763 240 201.4 100 — 

With cerebral artery thrombosis 5 724-2 750 420-8 40 `60 

With pulmonary embolism 73 841.4 640 832:2 62 38 

Healthy 184 418-6 379 296-9 86 14 
Oral contraceptive never users: ` 

With myocardial infarction 9 496-6 552 194-6 89 11 

With cerebral artery thrombosis 1 700-0 700 — 100 — 

With pulmonary embolism 7 396-6 251 282.9 86 14 

Healthy 40 345.5 282 267-6 95 5 


SD, standard deviation. 
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arations, but the differences were not statistically 
significant. Healthy past users had higher concentra- 
tions (mean 463-3 ug/ml) than current users (mean 
385-4 ug/ml), a difference which was not statistically 
significant. We are unable to explain this difference 
since concentrations were not related to the time since 
ceasing to take the pill. In no case was the pill with- 
drawn because of a major medical condition. This 
does not, however, invalidate any comparisons bet- 
ween women with and women without thrombotic 
events, for if the concentrations of the circulating 
immune complexes in healthy past users of oral con- 
traceptives were higher it would have the effect of 
apparently weakening any association between a 
raised concentration of circulating immune complexes 
and pulmonary embolism. 


Pulmonary embolism 

The most interesting results were those obtained for 
the women admitted with pulmonary embolism. The 
concentrations of circulating immune complexes in 
these women with a history of oral contraceptive use 
were higher than in healthy users, and an appreciably 
greater number had values over 700 ug/ml (p« 0-001). 
Only seven of the women with pulmonary embolism 
had never used oral contraceptives and their concen- 
trations were very similar to the healthy women; only 
one never user had a value greater than 700 ug/ml. 


CONFOUNDING VARIABLES 
These results suggest that a high concentration of 
circulating immune complexes is associated with 
pulmonary embolism in women who have used oral 
contraceptives. There are, however, several possible 
confounding variables which may be causing bias. 
Age—Our data show an increase in concentrations 
of circulating immune complexes with age—for 
example, in the healthy women with a history of no 
oral contraceptive use there was a significant correla- 
Поп between log concentrations of circulating 
immune complexes and age (r=0-576, p<0-05). 
Moreover, the women with pulmonary embolism 
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were on average older than the healthy women (mean 
ages 35-6 and 30-2 years respectively). A separate 
analysis was therefore carried out for the 58 women 
who could be precisely matched with a control subject 
for age and oral contraceptive practice. Table 4 shows 
that for each age group the concentrations of circulat- 
ing immune complexes were higher in the women 
with pulmonary embolism. Thus, although age is 
theoretically a confounding variable, it does not 
appear to explain the differences in concentrations of 
circulating immune complexes between women who 
have used oral contraceptives with and without pul- 
monary embolism. 

Type of oral contraceptive—Our analysis considered 
not only user status—that is, current, past, or never— 
but also the duration of use and type of preparation. 
Interesting historical differences in types of prepara- 
tions emerge owing to the fact that the women who 
had had thrombotic disease ceased to take oral con- 
traceptives after their hospital admission; because of 
this far fewer study patients than healthy women had 
ever used preparations containing less than 50 ug oes- 
trogen per day. Over three quarters of the healthy 
current oral contraceptive users had used these lower 
dose preparations compared with only one quarter of 
women with pulmonary embolism at diagnosis. 
Nevertheless, when the women were analysed in three 
subgroups—those who had a history of using oral con- 
traceptives containing >50 ug, 50 ug, and «50 ug 
oestrogen—no consistent trend in concentrations of 
circulating immune complexes was found. The mean 
concentrations for all women included in the study 
were subdivided into three groups. When a similar 
analysis was carried out on the women with pulmo- 
nary embolism and the healthy women there was no 
evidence that oral contraceptives containing higher 
doses of oestrogen were more commonly associated 
with higher concentrations of circulating immune 
complexes. We did not attempt an analysis by specific 
preparation (the numbers would have been too smalD, 
but our data do not suggest that the dose of oestrogen 
is an important confounding variable. 

Duration of oral contraceptive use—Comparison of 


Table 4 Concentrations of circulating immune complexes (CIC) in women with pulmonary embolism and healthy women matched 











by five year age group 
Age group No of women Women with pulmonary embolism Healthy women 
Lowest Highest Mean Lowest Highest Mean — 
concentrahon concentration concentration concentration concentration concentration 
(шат!) (пет!) (рет!) (ugiml) (иет!) (ит) 
15-19 2 900 1460 1180 235 235 235 
20-24 6 235 2540 1246 188 1170 611 
25-29 8 329 1640 792 0 1130 378 
30-34 18 188 2260 690 0 850 358 
35-39 13 94 3840 888 0 564 293 
40—44 9 188 2350 1014 94 1030 365 
45-49 2 658 750 704 0 188 94 
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duration of use indicated that the healthy women 
tended to have taken oral contraceptives for slightly 
longer than the women with thrombotic disease, but 
these differences were not significant. 

Time since thrombotic event—All groups of oral con- 
traceptive users included current and past users. 
Thrombotic patients defined as current users all 
stopped taking oral contraceptives at the time of diag- 
nosis, so that they might not have taken the prepara- 
tions for several years before the time of sampling. 
Consequently it is conceivable that the concentrations 
of circulating immune complexes might fave fallen 
since the time of stopping these preparations. This 
would, however, have resulted in patients with 
thrombosis having lower rather than higher concen- 
trations than the healthy users. In fact, patients with 
thrombosis defined as past and current users had 
identical concentrations of circulating immune com- 
plexes, and these were not related to the time since 
stopping oral contraceptives. 

Days to sending sample— The concentrations of cir- 
culating immune complexes were considered accord- 
ing to the number of days between collecting the sam- 
ple and it arriving in Paris. The time interval was not 
found to have any effect on the concentration. 

Myocardial infarction and stroke—There were no 
significant differences between the concentrations of 
circulating immune complexes in the women with 
myocardial infarction and their equivalent healthy 
controls. Of the 28 cases of myocardial infarction, all 
but one had concentrations «700 ug/ml. It may be 
relevant though that the great majority of these 
women (25) had other risk factors for ischaemic heart 
disease. The number of patients with cerebral throm- 
bosis is very small, but it is of interest that this group, 
who did not have other cardiovascular risk factors, 
had high concentrations of circulating immune com- 
plexes. | 


Discussion 


Our methodology makes the assumption that, in the 
women with cardiovascular disease, the concentra- 
tions of circulating immune complexes after the event 
are similar to those beforehand. None of these 
patients continued to take oral contraceptives after 
diagnosis and thus could not have developed higher 
concentrations of circulating immune complexes as a 
result of continuing exposure. Although it is conceiv- 
able that the event itself might have stimulated the 
production of circulating immune complexes, our 
data provide evidence that this is not the case: women 
who had suffered a thrombotic episode but who had 
not used oral contraceptives had concentrations of cir- 
culating immune complexes similar to those in the 
healthy group. The most striking finding from our 
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study is the tendency of women who had had a pul- 
monary embolism and used the pill at some time to 
have higher concentrations of circulating immune 
complexes than either healthy oral contraceptive users 
or women who had had the condition but never used 
the preparations. 

The small number of patients with cerebral throm- 
bosis tended to have high concentrations, but those 
with myocardial infarction did not. At first appear- 
ance the data appear not to be entirely consistent with 
the earlier findings from Paris. In the earlier study 
high concentrations of circulating immune complexes 
were found, regardless of the site of the thrombosis, 
in women using oral contraceptives.!? The inconsis- 
tency is, however, almost certainly explained by the 
difference in case selection. The first series of cases 
studied in Paris were characterised by the absence of 
predisposing factors for vascular disease.!? In the pre- 
sent epidemiological study patients were unselected 
with regard to predisposing factors. All those with 
myocardial infarction had cardiovascular risk factors 
and did not appear to have raised concentrations of 
circulating immune complexes. On the other hand, 
the stroke patients did not have risk factors and 
appeared to have higher concentrations, but numbers 
are too small to draw definitive conclusions. Having 
excluded pulmonary embolus in association with 
pregnancy, surgery, and trauma, we were left with a 
group without known risk factors for the condition. 
This explanation is supported by a current study of 
unselected patients in Paris,!? which has shown a pat- 
tern of concentrations of circulating immune com- 
plexes similar to that observed in our study. 

The healthy oral contraceptive users in our study 
appear to have higher concentrations of circulating 
immune complexes than similar women studied in 
France,? the difference being entirely due to the 
higher concentrations in past users. The current users 
have an almost identical mean concentration to those 
studied in Paris, and we are unable to explain the 
relatively high concentrations in our series of past 
users. This finding, together with the considerable 
overlap between various groups, makes it difficult to 
define from the present data a cut off point below 
which concentrations of circulating immune com- 
plexes might be considered as normal or above which 
they might be considered as abnormal. 

The present data (derived from an unselected popu- 
lation in another country) however, do provide 
confirmatory evidence for the suggestion that an 
immunological mechanism may play a role in throm- 
botic episodes associated with oral contraceptive use, 
especially in women in whom these occur in the 
absence of risk factors for vascular disease. 
Refinement of laboratory procedures and prospective 
studies will be necessary to assess whether it is poss- 
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ible to define a cut off point and whether it would be 
of value to use measurements of circulating immune 
. complexes as a screening test for vascular complica- 
tions in oral contraceptive users. The present data are 
encouraging. 
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Evaluation of lay skills in cardiopulmonary 
resuscitation | 


PMVANKALMTHOUT,PAJSPETH, JR RUTTEN, J TH CH VONK 
From the Department of Cardiology, St Radboud University Hospital, Nijmegen, The Netherlands 


SUMMARY The theoretical knowledge and practical performance of 166 lay people attending a short 
cardiopulmonary resuscitation course were evaluated according to the American Heart Association 
standards. Before tt course no participant was able to perform even a bad attempt at cardiopulmo- 
nary resuscitation. Theoretical knowledge was good at the end of the course and at the refresher 
course six months later. At the end of the initial course 6596 (57/88) of the participants examined 
could adequately compress and ventilate the manikin. After six months 4496 (30/68) could perform 
resuscitation adequately. Women were as proficient as men, and elderly people in general were as 
proficient as the younger ones. The skill of carotid artery palpation was surprisingly well retained 
after six months. Data on pulmonary ventilation and cardiac massage were recorded simultaneously 
or a recording resuscitation manikin. When these objective data were compared with the American 
Heart Association standards only a few participants were able to perform correct cardiopulmonary 
resuscitation. The number of coinpressions and ventilations per minute were often insufficient. À 
large discrepancy between self, subjective, and objective assessment-of cardiopulmonary resuscita- 
tion knowledge and performance was found. | 

The importance of a rapid diagnosis, an immediate call for help, an adequate rate of cardiac 


massage, and a reduction in the time needed for ventilation should be emphasised at these courses. 
Refresher courses should be provided at least twice a year. n 


Since Kouwenhoven published his article on closed 
chest cardiac massage in 1960! cardiopulmonary 
resuscitation has been used by doctors and later by 
more and more lay people in cases of cardiopulmonary 
arrest. Both doctors and non-medical personnel have 
had to be trained in the technique of resuscitation. In 
1974? and 1980? the American Heart Association pub- 
lished training programmes and guidelines. 

To date more than 12 million adults in the USA 
have received instructions in cardiopulmonary resus- 
citation according to the American Heart Association 
standards. In the Netherlands (14-6 million inhabit- 
ants) several hundred thousand adults have been 
trained under the guidance of the Netherlands Heart 
Foundation (J van Drenth, personal communication). 
Only а few reports are available about the results of 
training lay people in cardiopulmonary resuscitation 
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and about how well knowledge and practical perfor- 
mance are retained-after some time.4~7 

We evaluated the theoretical knowledge and practi- 
cal performance-of lay.people before and after instruc- 
tion in cardiopulmonary resuscitation and compared 
the results with those after six months to determine 
how well these skills had been retained. 


Subjects and methods 


CARDIOPULMONARY.RESUSCITATION COURSE 


By advertising in regional papers and with the aid of 
the local branch of the Netherlands Heart Founda- 
tion, the citizens of Nijmegen—a university city with 
140 000 inhabitants—and its surrounding villages 
were invited to attend a cardiopulmonary resuscita- 
tion course. The course consisted of three evening 
sessions of theoretical and practical instruction. À 


- fourth. evening. was:designated for a 20 multiple choice 


questionnaire to evaluate theoretical knowledge. The 
practical cardiopulmonary resuscitation performance 


DW Ыйы ents waseValuated=by One-of the instructors. 
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A doctor gave two one hour lectures on the theoret- 
ical principles of cardiopulmonary resuscitation. The 
practical instructions were given by paramedical car- 
diopulmonary resuscitation instructors and consisted 
of four one hour sessions using a non-recording 
Resusci Anne manikin. All participants received an 
illustrated instruction booklet, which gives com- 
prehensive information on cardiopulmonary resusci- 
tation.* If the candidate completed the course and 
passed both the theoretical and practical tests, a 
certificate of proficiency was given with the date of the 
refresher course printed on it. Every six months three 
identical refresher courses consisting of 50 minutes of 
theoretical and 50 minutes of practical instruction 
were provided. 


STUDY 

During the study period from September 1982 until 
March 1984, 10 participants were randomly selected 
at the beginning of the course, 88 at the end of the 
course, and 68 before the start of the refresher course. 
All these participants were asked to answer a multiple 
choice questionnaire on diagnosis, pulmonary ventila- 
tion, and cardiac massage. Throughout the study they 
had to estimate their own level of theoretical know- 
ledge and practical performance on a 1-10 scale. In 
addition, they performed cardiopulmonary resuscita- 
tion on a recording manikin (Laérdal Recording 
Resusci Anne, Asmund Laérdal, Stavanger, Norway) 
for at least two minutes to assess their performance 
objectively. Their practical performance was also 
judged subjectively by one of us and was scored on the 
following items: (a) psychomotor performance 
(establishing unresponsiveness, checking both carotid 
arteries, checking breathing, checking mydriasis); (b) 
adequate call for help (correct phone number and 
diagnosis); and (c) adequate performance of car- 
diopulmonary resuscitation (position of the hands, 
massage technique, massage rate, overstretching of 
the head, depth of ventilation, leakage of air). 

Practical performance assessed by subjective data 
was considered as adequate when the participant 
could palpate the carotid artery on both sides of the 
manikin and perform about 15 cardiac compressions 
at a rate of 50-70/minute with adequate depth and two 
ventilations with adequate volume between two mas- 
sage cycles. 

The objective data from the recording manikin tape 
were analysed afterwards. Data on massage and venti- 
lation were derived from the last full minute recorded, 
and comprised: (a) time from “go ahead sign" until 
first act of cardiopulmonary resuscitation; (6) number 
per minute and depth of compressions (standard 50- 
70/minute and 38-51 mm respectively); (c) number 
per minute and depth of ventilations (standard >5/ 
minute, 0-8-1-6 1 respectively); (d) rate of compres- 
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sions (standard 70-90/minute); and (e) total time per 
minute (in seconds) needed for ventilation (the time 
between two massage cycles was recorded). In addi- 
tion the ability to palpate and count correctly the 
instructor's carotid artery pulse on both sides was 
assessed. 

Practical performance assessed by objective data 
was considered adequate when the examiner's carotid 
artery was correctly palpated «1 minute, the manikin 
was ventilated 25 times/minute with volumes of 0-8— 
1-61, and 50-70 cardiac compressions/minute were 
performed with a depth of 38-51 mm. 

In the three groups the self estimated knowledge 
and practical performance of the different skills were 
compared with the subjective and objective assess- 
ments. Data were analysed by the university 
mathematical statistical department. 


Results 


POPULATION 

From 1979 to 1984, nearly 3000 people attended their 
first cardiopulmonary resuscitation course in Nij- 
megen. Fifty six per cent came from the main town 
and 4496 from the surrounding villages. The Figure 
shows the age and sex distribution of the total popula- 
tion. There were 73% women and 27% men. The 
mean age was 38 (range 13—73) years. Of those who 
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Age (yr) 
Figure Age and sex distribution of participants attending a 
cardiopulmonary resuscitation course between 1979 and 1984. 
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Table 1 Age and sex distribution of the participants in the study before and after the course and at the refresher course 








No of. Women Men Mean (SD) age (yr) No of participants aged 
participants 
Women Men <40 yr >40 yr 
Before 10 7 3 34 (12) 38 (12) 5 5 
After 88 56 32- 37 (11) 38 (10) 63 25 
Refresher course 68 38 30 36 (9) 42 (2) 48 20 
Total 166 101 65 35 (11) 38 (11) 116 50 


attended the course, only 3096 returned at the first 
refresher course; this proportion decreased to 1296 for 
those attending a fifth refresher course after two and a 
half years. Table 1 shows the age and sex distribution 
of the study groups. There was no difference between 
each of the groups and the total population regarding 
age and sex distribution. Most people attended the 
course because of social motivation and a few because 
of illness in their family. 


THEORETICAL KNOWLEDGE 

Theoretical knowledge was evaluated by the multiple 
choice questionnaire, and was considered adequate 
when more than 70% of the questions were answered 
correctly. Before the course theoretical knowledge 
was inadequate in all the participants but at the end of 
the course and before the refresher course this was 
good in both groups (Table 2), although a slightly 
lower figure was recorded at the refresher course. At 
the refresher course, a discrepancy was noted between 
self assessment and objective assessment scores. 
There was no difference in theoretical knowledge 
between older and younger people. 


PRACTICAL PERFORMANCE 

Subjective data 

Before the cardiopulmonary resuscitation course 
when the participants were asked to help someone 
who had suddenly collapsed, none knew how to 
establish a proper diagnosis of cardiopulmonary arrest 
or how to perform adequate ventilation or massage or 
both (Table 3). 


Table 2 Percentage of participants in whom theoretical 
knowledge was assessed as adequate before and after the course 
and at the refresher course. Figures in parentheses are numbers of 
subjects 








Before After Refresher course 
(п = 10) (п = 88) (п = 68) 
Skills tested: : 
Diagnosis 20 (2) 67 (59) 66 (45) | 
Ventilation 0 (0) 38 (33) 22 (15) "^'^" 
Massage » 0(0) 68 (60) 21 (14) 
Objective assessment 10 (1) 93 (82) 71 (48) 


Self assessment 





_ 93 (82): 94060 s i ao 


By the end of the course cardiopulmonary arrest 
was correctly diagnosed by 7496 of participants but at 
the refresher course only 5096 managed to do so. The 
call for help was given immediately after establishing 
a diagnosis by only 5596 at the end of the course and 
by 4696 at.the refresher course, but 8896 and 7096 
respectively--achieved this within one minute after 
Starting cardiopulmonary resuscitation. Ventilation 
was correctly performed by 20% of the participants 
before-the- cardiopulmonary resuscitation course, by 
51% at the end of the course, and by only 37% at the 
refresher course. 

Only 35% and 38% of participants respectively 
‘could correctly perform cardiac massage at the end of 


` "the course'and at the refresher course. Too slow a rate 


was the most frequent fault in 3596 and 40% of par- 
ticipants respectively at the end of the course and at 
the refresher course. А subjective assessment of ade- 
quate cardiopulmonary resuscitation at the end of the 
course and at the refresher course was thus performed 
in 65% and 44% of participants respectively, which 
contrasts with figures of 9496 and 8296 by self assess- 
ment. If the time since the last course was more than 
one year, the proportion fell further to 3896 at the 
refresher course. 


Objective data 

At the end of the course and at the refresher course 
the mean time from the “go ahead” sign to the first act 
was 42 s (range 10—127, 9096 between 15—80 s), but in 
both groups it took two candidates two minutes 
before they actually started cardiopulmonary resusci- 


Table3 Percentage of participants in whom practical 
performance was assessed as adequate before and after course and 
at refresher course. Figures in parentheses are numbers of subjects 








Before After Refresher course 
(п = 10) (п = 88) (п = 68) 
Skills tested: 
Diagnosis . .0 (0) 74 (65) 50 (34) 
Ventilation 20 (2) 51 (45) 37 (25) 
Massage 0 (0) 35 (31) 38 (26) 
Subjective assessment 0 (0) 65 (57) 44 (30) 
-Self.assessment ::- . ~. 0 00) 94 (83) 82 (56) 
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Table 4 Objective assessment of performance of participants in 
carrying out pulmonary ventilation and cardiac massage before 
and after the course and at the refresher course. Figures are 
percentages with numbers of subjects in parentheses 








Before After Refresher 
in = 10) (n = 88) course 
(п = 68) 
Pulmonary venalation 
2:5 ventilations/minute 0 (0) 64 (56) 38 (26) 
Adequate volume (0:8-1-6 D 0(0 35 (31) 34 (23) 
Time taken for two ventilations: 
«6s —(—) 25(22) 12(8) 
6-10s —(—) 45(40 40 (27) 
>10 s —(—) 30 (26) 48 (33) 
Adequate ventilation 0 48 28 
Cardiac massage 
No of compressions/min 
(50-70/min) 0 25 22 
Rate (70-90/min) 0 42 40 
Depth (38-51 mm) 25 32 50 
Adequate massage 0 5 3 





tation. At the end of the course and at the refresher 
course 9096 and 83% respectively were able to palpate 
the carotid artery x1 minute, two thirds of them suc- 
ceeding within half a minute. 

Table 4 gives details of the ventilation technique. 
Before the course the participants had no knowledge 
of ventilation. By the end 64% were able to give five or 
more ventilations in the last recorded minute, but 
only 35% were ventilating with adequate volume 
(0-8—1-6 D. At the refresher course only 3896 venti- 
lated =5 times per minute, again only one third ven- 
tilating with adequate volume. The mean time needed 
for two “quick” ventilations varied from 8 s (range 
4-24 s) to 10 s (range 6-43 s) respectively; 30% at the 
end of the course and 4896 at the refresher course 
needed more than 10 s. 

Table 4 also gives details concerning cardiac mas- 
sage. Before the course no participant could massage 
properly. Only about 2596 of both groups delivered 
50-70 compressions/minute, although 4296 of the par- 
ticipants did this at an adequate rate. A high propor- 
tion of both trained groups (9596 and 9796 respec- 
tively) could not perform massage adequately. 


COMPARISON OF ASSESSMENTS 

Finally, we compared the participants! own assess- 
ment, the assessment by the instructors at the end of 
the course, the subjective assessment (by one of us), 
and the objective assessment derived from the 
recorded tape (Table 5). The data on diagnosis are 
missing, because they were not recorded on the tape. 
When the American Heart Association criteria are 
strictly applied only 7% and 196 respectively in both 
groups were able to perform correct cardiopulmonary 
resuscitation. 
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Table 5 Percentage of participants performing adequate 
cardiopulmonary resuscitation before and after the course and at 
the refresher course by self assessment, instructors? assessment, 
subjective assessment, and objective assessment 











Assessement Before After Refresher course 
(п = 10) (п = 88) (п = 68) 

Self 0 94 82 

Instructors’ 0 90 85 

Subjective 0 65 44 

Objective 0 7 1 

Discussion 


The number of people attending refresher courses is 
astonishingly low. Because most of these participants 
are well motivated and interested, a bias in the data 
obtained in this group is inevitable, and “improves” 
the results. Before the course no participant was able 
to perform even a bad cardiopulmonary resuscitation. 
After the three evening sessions theoretical knowledge 
was good and was well retained at the refresher 
course. Since, however, people knew the date of the 
re-examination and would have studied our instruc- 
tion booklet at home the actual level of knowledge 
may have been even lower. 

The technique of palpating the carotid artery was 
surprisingly well retained after six months. The mean 
time needed to diagnose cardiopulmonary arrest was 
42 s in both groups, which is quite long even when 
the time needed to palpate the carotid artery on both 
sides of the manikin to ensure that there is no pulse (at 
most 20 s) is taken into account. The most common 
mistake in ventilation was the low number of 
venulations/minute or an inadequate volume or both. 
Ventilation was notably worse when performed by 
people with dental prostheses since they generally 
leaked air; they performed better with mouth to nose 
ventilation. Some of the participants ventilated the 
manikin while chewing chewing-gum; this was disco- 
vered afterwards in the trachea of the manikin. Com- 
parable events were reported by Shih et al.? In cardiac 
massage the most common fault was the low number 
of compressions performed per minute. The reason 
for this finding is not always an incorrect rhythm but 
the time needed for ventilation, together with the time 
needed to search for the correct compression point, 
reduces the time available for massage. 

At the end of the course and at the refresher course 
there was a large discrepancy between the candidate's 
own estimation of their performance (9896 and 8296 
thought themselves proficient), the assessment by the 
paramedical instructors (9096 and 8596 respectively), 
the subjective assessment (65% and 4496 respec- 
tively), and the objective assessment using recorded 
tape data (7% and 196 respectively). The most objec- 
tive method of examining candidates on their car- 
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diopulmonary resuscitation performance is therefore 
by using recording manikins, since subjective criteria 
grossly overestimate the practical performance level. 
Nevertheless, these objective figures are also exagger- 
ated since ventilation with a volume of 0-7 l or 1-8 1 is 
sufficient for cardiopulmonary arrest, as is a cardiac 
compression rate of 49 or 72 compression/minute. 
Our results agree wth those of Ramirez et al and 
Weaver et al,4® but Mandel et al described opposite 
results.? : 

In our community we give a three session course; 
even so we cannot claim satisfactory results when the 
lay participants are re-examined. It would be worth- 
while to compare our results, especially those after the 
refresher course with those obtained after a course 
held within three hours, as is the instruction method 
for instance in Seattle.!? Despite the problems and 
possible disappointing results, it is well known that 
cardiopulmonary resuscitation by lay people does save 
lives!! and improves the neurological outcome.!? In 
our forthcoming courses more attention will be paid 
то (a) the diagnosis (reduction of the time needed for 
checking the conscious level and palpation of the 
carotid artery, which with training can be done within 
30 s); (b) call for help (to perform this immediately 
after the diagnosis of cardiopulmonary arrest has been 
established); (c) ventilation (to decrease the time 
taken for two ventilations and especially the time most 
people need to find the correct pressure point on the 
chest); and (d) massage (to increase the rate to 80 
compressions/minute and to emphasise further the 
correct depth needed). It is advisable to provide 
refresher courses for lay people in cardiopulmonary 
resuscitation at least twice a year giving special atten- 
tion to the above techniques. i 


We thank Mr Ph van Elteren and Mr A G M 
Dinkhuijsen for carrying out the analytical work. Part 
of this study was supported by a grant from the 
Netherlands Heart Foundation. 


Van Kalmthout, Speth, Rutten, Vonk 


References 


1 Kouwenhoven WB, Jude JR, Knickerbocker GG. 
Closed-chest cardiac massage. АМА 1960; 173: 1064-7. 

2 American Heart Association. Standards for cardiopul- 
monary resuscitation (CPR) and emergency cardiac care 
(ECC). JAMA 1974; 227 (suppl): 833-68. 

3 American Heart Association. Standards and guidelines 
for cardiopulmonary resuscitation (CPR) and emergency 
cardiac care (ECC). JAMA 1980; 244: 453—509. 

4 Ramirez АС, Weaver FJ, Raizner AE, Dorfman SB, 
Herrick KL, Gotto AM Jr. The efficiency of lay CPR 
instruction: an evaluation. Am ў Public Health 1977; 67: 
1093-5. 

5 Tweed WA, Wilson E, Isfeld B. Retention of cardiopul- 
monary resuscitation skills after initial overtraining. Crit 
Care Med 1980; 8: 651-3. 

6 Weaver FJ, Ramirez AG, Dorfman SB, Raizner AE. 
Trainees’ retention of cardiopulmonary resuscitation. 
How quickly they forget. JAMA 1979; 241: 901-3. 

7 Mandel LP, DeMers JL, Olsen MF, Cobb LA. Evalua- 
tion of instructional aspects of a citizen CPR training 
program [Abstract]. Circulation 1977; 55 (suppl IIT): 114. 

8 Klinge J. Wanneer elke seconde telt. [When every second 
counts.] ’s-Gravenhage, The Nethelands: Netherlands 
Heart Foundation. 

9 Shih C, Tanaka T, Lam M, Palmer SC, Lau FYK. Mis- 
haps of CPR: the case of the missing dental bridge [Let- 
ter]. N Engl ў Med 1982; 306: 1057. 

10 Cobb LA, Werner JA, Trobaugh GB. Sudden cardiac 
death. I. A decade's experience with out-of-hospital 
resuscitation. Mod Concepts Cardiovasc Dis 1980; 49: 
31-6. 

11 Adgey AAJ, Nelson PG, Scott ME, et al. Management of 
ventricular fibrillation outside hospital. Lancet 1969; i: 
1169-71. . 

12 Copley DP, Mantle JA, Rogers WJ, Russell RO Jr, 
Rackley CE. Improved outcome for prehospital car- 
diopulmonary collapse with resuscitation by bystanders. 
Circulation 1977; 56: 901—5. 


Case reports 





Br Heart F 1985; 53: 567-70 


Diagnosis of pseudoaneurysm of the ascending aorta. by 
pulsed Doppler cross sectional echocardiography 


CHRISTOPHER H WENDEL, CHESTER R CORNMAN, SINDA B DIANZUMBA 
From the Department of Medicine, Allegheny General Hospital, Pittsburgh, Pennsylvania, USA 


SUMMARY Pseudoaneurysms of the ascending aorta are relatively uncommon compared with those 
evolving from the left ventricle. In a young man with endocarditis of the aortic valve who developed 
a pseudoaneurysm arising from the ascending aorta, the diagnosis was established with the pulsed 
Doppler technique and cross sectional echocardiography by passing the Doppler sample from the 
aorta through the neck of the false aneurysm into the large pseudoaneurysm. Aortic root angiogra- 
phy showed this connexion to be a small fistula between the aorta and right atrium. Necropsy 


findings confirmed the diagnosis. 


Pseudoaneurysm of the ascending aorta is a rare 
entity. False aneurysms have a tendency to early and 
late rupture, necessitating early diagnosis and prompt 
surgical intervention. Until recently, only angio- 
graphic evidence of the small connexion between the 
false aneurysm and true aortic lumen could confirm 
the diagnosis. To our knowledge, there has been only 
one report that describes the use of pulsed Doppler 
cross sectional echocardiography in confirming the 
diagnosis of pseudoaneurysm. Grube et al were able 
to pass the Doppler sample through the communicat- 
ing neck of a false aneurysm of the left ventricle while 
constantly monitoring flow.! We present here a most 
unusual case of a massive ,pseudoaneurysm of the 
ascending aorta diagnosed by combined echocardi- 
ography and the Doppler technique. 


Case report 


A 37 year old, previously healthy white man 
developed chronic osteomyelitis of the right leg after 
being struck by a car. He presented with Staphylococ- 
cus aureus endocarditis of the aortic valve. A Bjórk- 
Shiley aortic prosthesis and appropriate antibiotic 


treatment adequately relieved his symptoms. Several. 


months later, he presented with recurrent signs of 
endocarditis and a loud murmur of aortic regurgita- 
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tion. Staphylococcus epidermidis endocarditis with 
dehiscence of the aortic prosthesis was diagnosed. At 
operation, the aortic annulus was necrotic with one 
abscess. An Edwards porcine prosthesis was inserted 
with Dacron reinforcement of the ascending aorta. In 
the immediate postoperative period, he developed 
sharp substernal chest pain radiating to the back 
which was associated with a harsh systolic ejection 
murmur at the second right intercostal space. The 
pain became progressively more severe and was 
associated with tenderness in the fourth right inter- 
costal space. There was a well localised pulsation in 
this area associated with both a systolic murmur and a 
diastolic decrescendo murmur. An echocardiogram 
was performed followed by cardiac catheterisation. 

Cross sectional echocardiography (Fig. 1) detected ` 
a large mass anteriorly which compressed the right 
heart and ascending aorta. The right ventricle and 
right atrium were clearly defined as narrow distorted 
cavities, and the tricuspid valve showed an extremely 
erratic motion pattern. Careful examination along the 
right sternal border detected a small communication 
between the large anterior mass and the adjacent 
ascending aorta (Fig. 1b). 

Pulsed Doppler echocardiography (Fig. lb) was 
performed on an ATL Mark V pulsed Doppler 
instrument with a zero crossing time interval histo- 
gram spectral display of velocity. Flow profiles within 
the mass and ascending aorta showed a similar direc- 
tion, but flow within the mass was much more turbu- 
lent. Furthermore, the Doppler sample passed easily 
through the communication of these structures and 
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Diagnosis of pseudoaneurysm by pulsed Doppler echocardiography 
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Fig.2 Morphological appearance of a large pseudoaneurysm of the aorta (Ps). Note the presence of a probe 
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(arrows) which passes from the left ventricle (LV) through the aortic valve into the ascending aorta (Ao) and 
through the nech of the false aneurysm into the large cavity of the pseudoaneurysm (Ps), which contains large 


amounts of clot and fibrinous matenal. 


showed a flow pattern similar to that obtained within 
the aorta thus identifying it as the neck of the false 
aneurysm. The flow profiles in the right heart cham- 
bers were dissimilar in contour and direction and 
showed no communication with the mass. 

Cardiac catheterisation showed a:tricuspid valve 
compression deformity with a 5 mm diastolic filling 
gradient and a small volume fistula into the right 
atrium from the aorta or sinus of Valsalva. An addi- 
tional compression deformity was noted affecting the 
ascending aorta. The angiographic study also indi- 
cated dehiscence of the aortic prosthesis with perival- 
var leak. Based on these findings, the patient was 
offered a third operation. Nevertheless, he declined 
further therapeutic intervention and died several days 
later. 

The postmortem examination confirmed the diag- 
nosis suggested by the Doppler study. The heart was 
enlarged and weighed 1:25 kg. There was a marginal 


tear of the aorta at the level of the prosthetic valve 
which communicated with a massive pseudoaneurysm 
compressing the entire right side of the heart (Fig. 2). 
The false aneurysm's greatest diameter was 15:0 cm. 
The wall of the pseudoaneurysm was composed of 
fibrin, blood clot, pericardium, and calcified connec- 
tive tissue with focal areas of lymphocytic infiltrates. 


Discussion 


Pseudoaneurysms of the ascending aorta are relatively 
uncommon compared with those evolving from the 
left ventricle. This is undoubtedly due to the high 
mortality associated with rupture of the aorta.? If the 
patient survives for several weeks a fibrous walled 
false aneurysm will form. The amount of time 
required to convert a pulsating haematoma into a false 
aneurysm is unknown, although Groves observed 
such a transformation as early as 23 days.? When this 
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occurs in the ascending aorta, blood can be found in 
the pericardial sac because the parietal pericardium is 
attached to the ascending aorta just proximal to the 
origin of the innominate artery. Thus blood can dis- 
sect up into the great vessels and cause stenosis of the 
aortic or pulmonary artery. Blood may also dissect 
retrogradely and extend into the free wall of the atria, 
ventricles, or interatrial septum. Thiene et al reported 
23 of 42 necropsy cases in which aortic rupture 
showed dissection of blood into the right atrial wall 
and in eight of these 42 cases had dissected into the 
interatrial septum.‘ In our patient, the pseudoaneur- 
ysm dissected over the anterior aspect of the heart to 
compress and deform both the right atrium and right 
ventricle, severely impairing the function of the 
tricuspid valve. In addition, stenosis of the ascending 
aorta just proximal to the right innominate artery rep- 
resents dissection antegradely impinging on the inter- 
nal diameter of the aorta. In retrospect, the latter 
should have been a clue to the angiographic diagnosis. 

To our knowledge, there has been only one report 
describing the pulsed Doppler echocardiographic 
diagnosis of a pseudoaneurysm.! Previously, cross 
sectional echocardiography has been well established 
as being capable of detecting pseudoaneurysms; but it 
has not been able to differentiate the entity from a 
localised haematoma, pericardial cyst, diverticulum, 
pericardial effusion, or true aneurysm.5~7 Angiogra- 
phy of the neck of the pseudoaneurysm has been the 
accepted procedure to confirm the diagnosis. The use 
of the pulsed Doppler technique has allowed the 
echocardiographer to determine blood flow charac- 
teristics timed with the cardiac cycle throughout the 
aneurysm, its neck, and the left ventricle. In our case 


cross sectional echocardiography showed the com-. 


pression of the right heart. The Doppler technique 
was then used to trace the flow from the ascending 
aorta into the pseudoaneurysm. In essence, this 
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accomplished the same feat as angiography but with a 
greatly reduced risk and cost. 

The most dramatic feature in this case is that pulsed 
Doppler echocardiography was able to demonstrate 
the neck of the false aneurysm and correctly traced 
blood flow pattern compatible with aortic flow 
through the neck into the aneurysm itself. This con- 
trasts with the angiographic diagnosis of a “low flow 
fistulai between the sinus of Valsalva and the right 
atrium.” Pulsed Doppler echocardiography also cor- 
rectly predicted the lack of communication between 
the aneurysm and the right atrium or right ventricle. 
Thus this relatively new technique was instrumental 
in making the correct diagnosis. 
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Echocardiographic features of a mediastinal pancreatic 


pseudocyst 


CN ARONEY,* MR NICHOLSON,* J ESHEVLANDT 
From the *Cardiology and Radiology Departments, Royal Hobart Hospital, Hobart, Australia 


SUMMARY Cross sectional echocardiography detected a mediastinal pancreatic pseudocyst which 
caused extracardiac compression in a 49 year old man. Computed tomography confirmed the pres- 
ence of a cystic lesion lying behind the heart and extending from the pancreas to above the carina. 
Surgical decompression resulted in resolution of the clinical and echocardiographic findings. 


Causes of posterior mediastinal masses include 
neurofibroma, neuroblastoma, meningocele, aortic 
aneurysm, clear water pericardial cysts, and hydatid 
cysts. The echocardiographic features of cardiac com- 
pression due to posterior mediastinal malignant 
tumours, left atrial wall tumours,! and pericardial 
effusion? have been reported. 

There have been 30 reported cases of mediastinal 
extension of a pancreatic pseudocyst? !? including 
one in which the M mode echocardiographic features 
resembled those of a left atrial myxoma.!! Neverthe- 
less, the cross sectional echocardiographic features of 
cardiac compression by a mediastinal pancreatic 
pseudocyst have not previously been described. 


Case report 


A 49 year old man with a long history of heavy alcohol 
consumption had a history of progressive dysphagia, 
persistent vomiting, dull epigastric pain, and severe 
weight loss. On examination he was thin and cachec- 
tic. Abdominal examination showed no abnormality, 
and there were no signs of chronic liver disease. His 
heart rate was 80 beats/minute, blood pressure 120/70 
mm Hg, and inspiratory variation within normal 
limits. The cardiac apex was overactive and displaced 
to the anterior axillary line in the sixth intercostal 
space. On auscultation he had a harsh systolic mur- 
mur at the left sternal edge which increased with 
respiration and decreased on standing. His carotid 
upstroke was normal. Serum amylase activity was 250 
IU/L (normal «150 IU/L). Liver function tests were 
normal, as was the full blood count. Abdominal x ray 
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films showed pancreatic calcification and a chest x-ray 
film a small left pleural effusion. The electrocardio- 
gram showed increased QRS amplitude over the 
precordial leads and lateral T wave inversion. Gas- 
troscopy indicated anterior compression of the 
oesophagus by a pulsatile mass 5 cm below the level of 
the cricopharyngeal junction. 

Cross sectional echocardiography showed a 10 cm 
diameter cystic lesion posterior to the heart and out- 
side the pericardium. In the long axis view the cyst 
compressed the left atrium and left ventricle (Fig. 1), 
with the left ventricular end diastolic diameter being 
2-0 cm (normal >3-5 cm) and the left atrial diameter 
1-7 cm (normal 71-9 cm). In the short axis view there 
was compression of the left and right ventricles and 
the heart was displaced anteriorly. The cyst extended 
caudally below the cardiac apex and cranially behind 
the left atrium. On standing the diameter of the cyst 
decreased to 8 cm. The heart valves and chambers 
were otherwise normal. 

Computed tomography showed a cystic lesion in 
the posterior mediastinum extending from the pan- 
creas to above the carina (Fig. 2). 

At laparotomy a pancreatic cyst communicating 
with the mediastinum along the psoas muscle beneath 
the medial arcuate ligament was found and treated by 
internal drainage. The amylase content of the fluid 
was 3500 IU/L. 

Postoperatively the patient’s clinical state rapidly 
improved. The systolic murmur disappeared as did 
the abnormal clinical and electrocardiographic 
findings. Repeat cross sectional echocardiography 
two months later showed that the diameter of the cyst 
had decreased from 10 cm to 3-5 cm. The features of 
cardiac compression had resolved; notably, the left 
ventricular end diastolic diameter had increased from 
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Fig. 1 Cross sectional echocardiograms in (a) the long and (b) the short axis parasternal views showing a 10 cm 
diameter cystic lesion posterior to the heart compressing the left atrium (LA) and left ventricle (LV). Ao, aorta; RV, 
right ventricle. 
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Fig.2 Computed tomogram of the thorax showing a large cystic mass posterior to and compressing the heart. The 
oesophagus is also compressed, and there is a nasogastric tube in position. 


2-0 cm to 3-5 cm and the left atrial diameter from 1-7 
cm to 2-7 cm. 


Discussion 


Weidmann et al reported a patient with a mediastinal 
pancreatic pseudocyst who, before this diagnosis 
had been made, underwent cardiac catheterisation 
because of a prominent systolic murmur.'? Angio- 
graphy showed pronounced compression of the left 
atrium and ventricle, and there was a distinct systolic 
pressure gradient between the inflow and outflow 
tracts of the right ventricle. These findings correlate 
closely with those in our case and suggest that the 
systolic murmur was due to an infundibular pressure 
gradient in the right ventricle. The pronounced pre- 
cordial impulse and electrocardiographic features 
suggesting left ventricular hypertrophy were probably 
due to anterior displacement of the heart. 

The presence of the clinical features of cardiac 
compression or evidence of a cystic lesion of the post- 
erior mediastinum in patients with chronic alcohol- 
ism, pancreatitis, or a pancreatic pseudocyst should 
raise the possibility of a mediastinal extension of a 
pseudocyst. 


References 


1 Yoshikawa J, Sabah I, Yanagihara К, Owaki T, Kato H, 
Tanemoto K. Cross-sectional echocardiographic diag- 
nosis of large left atrial tumor and extracardiac tumor 


compressing the left atrium. Am 7 Cardiol 1975; 42: 
853-7. 

2 Vignola PA, Pohost GM, Curfman GD, Myers GS. Cor- 

relation of echocardiographic and clinical findings in 

patients with pericardial effusion. Am J Cardiol 1976; 37: 

701-7. 

Jaffe BM, Ferguson TB, Holtz S, Shields JB. Medias- 

tinal pancreatic pseudocysts. Am ў Surg 1972; 124: 

600—6. 

4 Spina GP, Maruoti RA, Montorsi M, Viani MP, 
Galeotti F. Faux kystes du pancreas à extension médias- 
tinale. А propos de deux cas. Ann Chir 1983; 37: 222-4. 

5 Rodan BA, Gocke TM, Bean WJ, Feng TS. Mediastinal 
pancreatic pseudocyst. South Med ў 1983; 76: 262-3. 

6 McCarthy S, Bookbinder M, Blumenfeld J, Kelly LJ, 
Keohane MF. Mediastinal pseudocyst. 7 Clin Gastroen- 
terol 1982; 4: 45-8. 

7 Milleret P, Weill F, Bassand JP, et al. Pseudokyste pan- 
créatique géant à dévelopement rétropéritonéal et à 
extension médiastinale et intrapsoique. Chirurgie 1982; 
108: 492-5. 

8 Tada S. Pancreatic pseudocyst extending from the 
mediastinum to the psoas muscle. Rinsho Hoshasen 1981; 
26: 809-10. 

9 Ball JB, Clark RA. CT of mediastinal pancreatic fluid 
collections. Comput Radiol 1982; 6: 295—300. 

10 Siegelman SS, Copeland BE, Saba GP, Cameron JL, 
Sanders RC, Zerhouni EA. CT of fluid collections associ- 
ated with pancreatitis. AJR 1980; 134: 1121-32. 

11 Shah A, Schwartz H. Echocardiographic features of car- 
diac compression by mediastinal pancreatic pseudocyst. 
Chest 1980; 77: 440-3. 

12 Weidmann P, Rutishauser W, Siegenthaler W, Senning 
A. Mediastinal pseudocyst of the pancreas. Am 7 Med 
1969; 46: 454—9. 


w 


Br Heart ӯ 1985; 53: 574-6 


Complement activation and anaphylactoid response to 
protamine in a child after cardiopulmonary bypass 


S WESTABY,* M W TURNER,T J STARKE 


From the *Department of Cardiac Surgery, Royal Postgraduate Medical School, Hammersmith Hospital; and the 
TDepartment of Immunology and Thoracic Unit, Hospital for Sick Children, London 


SUMMARY A 2% year old boy had a sudden, severe, and unexpected anaphylactoid reaction after an 
otherwise uncomplicated repair of a partial atrioventricular septal defect. The reaction, comprising 
haemorrhagic pulmonary oedema and peripheral circulatory collapse, followed neutralisation of 
heparin by protamine. Measurements of serum complement (C3 and C4) concentrations suggested 
that a pronounced consumption of complement occurred during the adverse response. 


Sudden severe anaphylactoid reactions after an 
otherwise uncomplicated cardiopulmonary bypass 
procedure have been reported previously and attri- 
buted to an abnormal response to protamine.!? The 
mechanism of this reaction, which comprises acute 
haemorrhagic pulmonary oedema with low left atrial 
pressure, peripheral circulatory collapse, and 
increased pulmonary vascular resistance, remains elu- 
sive. The reaction between heparin and protamine is, 
however, known to result in the consumption of com- 
plement in vitro,’ 4 and recently one of us (SW) found 
complement activation with C3a release after pro- 
tamine infusion in patients undergoing coronary 
artery surgery (unpublished observations). 

We recently encountered and successfully treated a 
severe anaphylactoid reaction after neutralisation of 
heparin with protamine in a child and obtained evi- 
dence of complement activation by the classical path- 
way. 


Case report 


A 2% year old boy was admitted for repair of a partial 
atrioventricular septal defect. He had no previous his- 
tory of allergy, blood transfusion, or drug sensitivity. 
Intracardiac repair was performed uneventfully, and 
cardiopulmonary bypass was discontinued without 
difficulty after 39 minutes. His haemodynamic status 
was stable with a systemic arterial pressure of 100 mm 
Hg and central venous pressure of 8 mm Hg. The 
venous cannulas were removed and protamine at a 
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dose of 4-5 mg/kg given slowly over a period of 10 
minutes. Five minutes after the infusion had been 
completed a sudden unexpected reaction occurred. 
The systemic blood pressure fell to below 30 mm Hg, 
although the mean left atrial pressure remained at 7 
mm Hg. Pulmonary inflation pressure increased with 
decreasing pulmonary compliance, and there was a 
palpable rise in pulmonary arterial pressure. Haemor- 
rhagic pulmonary oedema was noted by the anaesthet- 
ist when a large quantity of pink frothy secretion was 
aspirated from the endotracheal tube. Arterial satura- 
tion decreased and was followed by ventricular 
arrhythmia. The pleural cavities were opened to 
eliminate a local mechanical cause. The lungs were 
stiff, oedematous, and haemorrhagic. 

Treatment was given immediately with intracardiac 
adrenaline and isoprenaline. А dopamine infusion was 
started (10 mg/kg/min) and methyl prednisolone 
given at a dose of 30 mg/kg. Sodium bicarbonate was 
required to correct metabolic acidosis, and plasma 
was infused to maintain right and left atrial pressures 
at satisfactory levels (left arterial pressure 7-10 mm 
Hg). After a short period of cardiac massage the sys- 
temic pressure slowly rose. Subsequently, a period of 
systemic hypertension occurred, and frusemide 10 mg 
(1 mg/kg) was given. During the period of resuscita- 
tion blood samples were taken to rule out a transfu- 
sion reaction to donor blood and for estimating con- 
centrations of complement. 

With this treatment the haemodynamics stabilised, 
and the chest was closed. A chest radiograph after 
return to the intensive care unit showed bilateral pul- 
monary oedema. The pulmonary oedema resolved 
completely during the next 24 hours, although the 
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Complement activation after cardiopulmonary bypass 
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Figure Concentrations (percentage of standard) of the 
complement components СЗ (W) and C4 (A) and total haemolytic 
complement (©) (percentage of normal) in the patient at three 
sampling times. 


boy required intermittent positive pressure ventila- 
tion for 48 hours. His subsequent postoperative 
course was uneventful, and he was discharged from 
hospital after 10 days. 

Since a satisfactory preoperative blood sample was 
not available for baseline complement assays further 
samples were taken at 10 days and 22 weeks post- 
operatively. The Figure shows the C3 and C4 con- 
centrations measured by single radial diffusion and 
the results of the total haemolytic complement assays. 
In contrast to the changes in the concentrations of the 
complement component the serum albumin concen- 
trations during and after operation were exactly the 
same (55 g/l). Studies of three similar patients under- 
going surgery who received protamine without inci- 
dent had essentially stable C3 and C4 concentrations 
before and after infusion (coefficient of variation 
<13% and 8% respectively). 


Discussion 


In this case study late postoperative C3 and C4 con- 
centrations were almost identical to the 10 day sam- 
ples and were assumed to reflect the patient’s values 
for these acute phase proteins. In contrast, the sample 
taken during operation after the onset of pulmonary 
oedema and peripheral circulatory collapse showed a 
pronounced reduction in C3, C4, and total haemolytic 
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complement suggesting that complement had been 
activated by the classical pathway. 

Complement activation with release of the 
anaphylatoxins C3a and C5a is known to occur via the 
alternative pathway during cardiopulmonary bypass.* 
C4 is not consumed in this process, and complement 
activation after protamine infusion occurs by a sepa- 
rate mechanism. This polycationic polypeptide pro- 
duces cardiovascular side effects, characterised by 
Jastrebski et al in 1974, as a transient fall in systemic 
arterial pressure with a more prolonged rise in pul- 
monary arterial pressure.* This is accompanied by a 
pronounced fall in arterial oxygen tension owing to a 
reduction in mixed venous oxygen tension which fol- 
lows a fall in cardiac output. Left atrial pressure 
remains low implying an increase in pulmonary vascu- 
lar resistance." The mechanism of these effects is still 
not clearly defined, but because of them protamine is 
infused slowly. The anaphylatoxins C3a and C5a have 
potent vasoactive properties. They increase vascular 
permeability, cause histamine release from mast cells, 
constrict smooth muscle, and may well account for 
the anaphylactoid reactions experienced by some 
patients. Polymorphonuclear leucocytes and mono- 
cytes have membrane binding sites for C5a.? C5a 
release results in altered mobility of these cells with 
sequestration in the pulmonary capillaries, a process 
associated with capillary endothelial damage and 
pulmonary oedema.? !! 

Previously, both anaphylactic!? and anaphylactoid 
responses to protamine infusion have been reported. 
Nordstrom et al described a case similar to our own in 
a 6 year old girl.! Olinger et al described four patients 
with  non-cardiogenic pulmonary oedema and 
peripheral vascular collapse from two separate cardiac 
units between 1969 and 1978.? Of these, two patients 
died of low cardiac output and hypoxia while two 
survived after treatment with intravenous colloid 
infusion, methylprednisolone, catecholamines, and 
antihistamines. There were, however, notable differ- 
ences in the character of these reactions between the 
patients, who cannot be assumed to be a homogene- 
ous group. À variety of mechanisms may result in the 
syndrome of pulmonary hypertension, peripheral cir- 
culatory collapse, and increased capillary permeabil- 
ity. Among these are blood and drug reactions, 
endotoxic shock, allergic anaphylaxis, and non- 
immune reactions mediated by complement and his- 
tamine.!? Our patient survived but required prompt 
and aggressive resuscitation directed towards a com- 
plement mediated anaphylactoid shock. 


We thank Mr N Seymour for the assays of comple- 
ment proteins. 
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Notices 


European coronary angioplasty workshop 


A meeting on coronary angioplasty is to be held from 
10 to 12 July 1985 at The London Hospital. Further 
information may be obtained from: PTCA Workshop, 
c/o Cardiac Department, The London Hospital, 
Whitechapel, London E1 1BB. 


Geriatric cardiology 


The 2nd International Conference on Physical Activ- 
ity, Aging, and Sports will be held at West Point, 
New York, from 8 to 12 July 1985. Further informa- 
tion may be obtained from PAAS—’85, Center for the 
Study of Aging, 706 Madison Avente, Albany, New 
York 12208, USA. 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 
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Left ventricular function in coronary artery disease 


Sir, 

I write concerning the article by Lahiri et al on the 
“Assessment 'of left ventricular function in coronary 
artery disease with the nuclear probe during interven- 
tion studies" (1984; 52: 422-30). The data on ejection 
fraction changes during effort is interesting. There is, 


however, a problem with the method of determining - 


filling and ejection rates. Ejection and filling rates are 
calculated by the probe according to the formula: 


CT3- CI2, 1. 
T3 — T2 Cn 


where CT3 is the counts at cursor position T3, CT2 
counts at cursor T2 (T3 and T2 represent the time 


positions of the ТЗ and T2 cursors), and Cn the nor- : 


malisation counts. Normalisation counts equal СТ1 
minus BKG when T1 is not equal to 0, and when T1 
is equal to 0 Cn equal to BKG. When T1 is positioned 
at the midpoint between T2 and T3, ejection rate will 
be normalised to average counts. When Т1 is 
positioned at the end diastolic counts filling rate will 
be normalised to end diastolic volume. Both exercise 
and the administration of nitrates may, however, be 
expected to change ventricular volume. If ventricular 
volume changes then the normalisation counts will 


change producing apparent changes in filling or ejec-- 


tion rate not reflecting true changes in these variables. 
To deal with this problem the T1 cursor should be 
positioned at 0 and normalisation will then be to 
background counts. Under these circumstances 
changes in filling or ejection rate may be followed 
independently of changes in ventricular volume. As 
things stand it may be thought that no reliance can be 
placed on quoted changes in filling or ejection rate. 


David Robson, 
Greenwich District Hospital, 
. London SE10 9HE. 


This letter was shown to the authors, who reply as : 


follows: 


Sir, 

We have carefully considered Dr Robson's comments 
about our paper (1984; 52: 422-30). In reply to his 
comments we would like to establish certain facts. 


Firstly, the measurement of slopes from the left. 
ventricular time-activity curves by the computer of 
the nuclear stethoscope is based on relative rather 
than absolute left ventricular volumes. The methods 
used for calculating peak filling rate are based on 
those described by previous authors—namely, Bonow 
et al,! Reduto et al,? and Mancini et al,? and these 
have been quoted in the text. 

Secondly, in patients with obstructive coronary 
artery disease, during: exercise induced myocardial 
ischaemia, the following changes occur: changes in 
left ventricular volume, increases in left ventricular 
end diastolic pressure, left ventricular wall tension, 
left atrial pressure, and increased cardiopulmonary 
blood volume and increased pulmonary wedge pres- 
sure.^ ES 

Thus exercise induced ischaemia would affect both 
left ventricular end diastolic volume and background 
counts (which represents cardiopulmonary blood vol- 
ume). Nitrates therefore would have a reverse effect 
on both these variables. Thus, in our opinion, the 
correction or normalisation of the slope to end dias- 
tolic volume or background would have the same 
errors as indicated by Dr Robson. We have, in fact, 
applied both of these corrections to the peak filling 
rate in previous experiments and found that the direc- 
tion of changes is similar. We do agree, however, that 
during intervention studies using the nuclear stetho- 
scope or the gammacamera the values of the rates of 
filling and emptying are relative unless one is able to 
perform attenuation correction and convert the rela- 
tive data into absolute volumes. 

Thus it follows that “normalisation to background 
counts allow, changes in filling or ejection rate to be 
followed independently of ‘changes in ventricular vol- 
ume" is manifestly incorrect since all the volume vari- 
ables change during interventions with exercise or 
with nitrates in patients with obstructive coronary 
artery disease. 


А Lahiri, 

E B Raftery, . 
Department of Cardiology, 
Northwick Park Hospital, 
Harrow, 

Middlesex HA1 3UJ. 
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Analysis of circadian blood pressure rhythms 


Sir, . 

We read-with interest the observation by Davies et al 
(1984; 52: 93-8) on the circadian rhythm of blood 
pressure. The authors state that Millar-Craig et al 
reported a second peak of blood pressure in the early 
evening.! We consider that this is not a correct cita- 
tion, as Millar-Craig et al reported that “. . . blood 
pressure fell progressively during the day and rose in 
the early hours of the morning.” 

Davies et al mention the difficulties in quantifying 
variations in the blood pressure. Some of the basic 
work on rhythmic blood pressure changes (summar- 
ised in?) deals with the problems of recording, repro- 


ducibility, and analysis of blood pressure patterns.. 


Using cosinor analysis, first introduced by Halberg et 
al? might improve the accuracy of analysis. It pro- 
vides an exact calculation of rhythm variables such as 
mesor, amplitude, and acrophase of circadian 
rhythmic changes.*5 It would be interesting to 
evaluate the carefully documented data of Davies et al 
by cosinor analysis. We wonder whether this method 
of analysis would confirm the reported two hour dif- 
ference between the nadir of the paced group and the 
control group. 

The authors also point out that the amplitude of the 
cirdacian pattern’ was lower in the paced than in the 
hypertensive group. Judging from the data in Fig. 1 
of their article this seems not unlikely. Quantitative 
evaluation of the amplitudes, however, is not reported 
but might be done by cosinor analysis. Furthermore, 
cosinor analysis might allow a better comparison of 
circadian heart rate and blood pressure variations. 


Alexander L Gerbes,* 

Ekkehard Haen,t+ 

Bernhard Arbogast,t 

* Medizinische Klinik II, 

Klinikum Grosshadern der Universitàt Munchen. 
Institute of Pharmacology, 

Universitàt Munchen. 

Bavarian Reinsurance Company, 

D-8000 Munich 22, 

Federal Republic of Germany. 
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This letter was shown to the authors, who reply as 
follows: 

Sir, 

We thank Drs Gerbes et al for their interest in our 
paper on circadian rhythms of blood pressure in paced 
patients. They correctly cite our original description 
of the broad 24 hour pattern of blood pressure! ; how- 
ever, most of our data on closer inspection showed a 
subsidiary late afternoon rise of lower amplitude than 
that seen after waking. This is visible in Figs. 1 and 3 
of the original publication.! 

The problems inherent in describing ambulatory 
intra-arterial blood pressure patterns have been rec- 
ognised by several groups of workers. We find it 
difficult to accept that Halberg's cosinor analysis 
would be able to provide sufficient accuracy in this 
case. Аз we understand it, the technique consists of 
fitting a single 24 hour cosine curve to the data using 
the method of least squares. Variables such as the 
amplitude, mesor (average value), and acrophase (tim- 
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ing of the peak relative to an arbitrary time origin) are 
then measured from the fitted curve. The pattern of 
blood pressure is not symmetrical within a 24 hour 
cycle; for example, a single cosine function would be a 
very poor fit to the systolic data in Fig. 1 of our paper. 
This observation appears to be confirmed by the work 
of Murnaghan et al in their study of blood pressure in 
pregnancy.? The single cosinor technique failed to 
give sufficient resolution to describe other than gross 
features of the blood pressure patterns. Walsh and 
Goldberg also found that significant components were 
present at higher frequencies.? Detailed studies by 
Sayers* indicate the presence of several concurrent 
patterns, posing severe problems in any «detailed 
statistical analysis across patients. More recently, the 
same group has suggested a set of procedures for pat- 
tern analysis of these records, relying more on meas- 
urements from each record than оп a priori models.* 
These procedures are at present being applied to 
blood pressure data from a variety of sources. 

In active untreated subjects the timing of the 
acrophase must be heavily dependent on the time of 
waking since this is the event which has the greatest 
effect on blood pressure. This would tend to place the 
acrophase at approximately 14 hours before 
waking—that is, at 1800 or so, and this has been the 
finding of several workers.? 6 It is hard to see how this 
would provide any illumination of our observed shifts 
in the nadir of blood pressure at around 0100-0300. 


For critical studies we now compile our data relative . 


to waking time as well as to absolute clock time. 
We are therefore unconvinced that cosinor analysis 
would clarify our observations of ambulatory intra- 
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arterial blood pressure unless applied in a complex 
form taking account of many pattern features and fre- 
quencies, in which case conventional Fourier analysis 
seems to offer more possibilities. 


E B Raftery, 

PM M Cashman, 

Departments of Cardiology and Bioengineering, 
Northwick Park Hospital, 

Harrow, 

Middlesex HA1 3UJ. 
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Delayed recovery of left ventricular function after anti- 


thyroid treatment 


Sir, 

Forfar et al (1984; 52: 215-22) suggest that in hyper- 
thyroidism left ventricular function is reversibly 
depressed. Their conclusions аге based оп 
haemodynamic measurements performed on 15 
hyperthyroid subjects before and during isometric 
exercise, and those measurements were repeated after 
the subjects had been rendered euthyroid. The 
authors stress that hyperthyroidism involves changes 
intrinsic not only to the heart itself but also to the 
peripheral circulation. They assume, however, that 
the performance of a standardised isometric exercise 
task produced the same changes in the peripheral cir- 
culation in both hyperthyroid and euthyroid states 
and, therefore, that exercise caused the same changes 
in cardiac loading before and after the subjects had 


been treated for their thyrotoxicosis. Nevertheless, as 
shown in the Table below, using data taken from their 
own paper it may be calculated that isometric exercise 
actually caused directionally opposite changes in 
peripheral] vascular resistance during the thyrotoxic 
and euthyroid states. Peripheral vascular resistance is 
a major determinant of the impedance offered to the 
outflow of blood from the left ventricle. In the study 
of Forfar et al the thyrotoxic heart, faced with an 
increased peripheral resistance during isometric exer- 
cise, did not function as well as it did at rest. In 
contrast, the euthyroid heart experienced a large 
reduction in calculated peripheral vascular resistance 
during isometric exercise and showed no deterioration 
in function. 


"=~ "Thus it-would appear that peripheral resistance is 
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an important determinant of basal and exercise 
induced left ventricular function in thyrotoxicosis, 
` and the results obtained by Forfar et al do not estab- 
lish the presence of an intrinsic myocardial abnor- 
mality in the thyrotoxic state. 


B Northover, 

B P O'Malley, 

F D Rosenthal, 

Leicester Royal Infirmary, 
Leicester, 

LEI 5WW. 


This letter was shown to the authors, who reply as 
follows: 


Sir, 
Northover et al do not indicate how they have deter- 
mined systolic and diastolic volumes from the left 
ventricular diameters given in our paper. Their 
derived stroke volume in the euthyroid state at rest, 
for example (19-4 ml) at a measured heart rate of 82 
beats/min, gives a cardiac output of 1:61 approxi- 
mately, an output so low that it is biological nonsense 
in the context of our study. Similarly, their derived 
figure for cardiac output in the hyperthyroid'group at 
rest (2-8 l/min) is over four times less than that of 
Merillon et al! based on direct invasive measurements 
(13-1 min). We doubt whether the errors and 
assumptions involved in the derivation of left ven- 
tricular volumes by single element echocardiography? 
justify their usage in a study of this type, let alone as a 
basis for calculating peripheral vascular resistance. 
The conclusion of our study that left ventricular 
function is depressed in hyperthyroidism is not 
dependent on isometric exercise causing the same 
changes in peripheral-vascular resistance in the hyper- 
thyroid and euthyroid state. Indeed, this is most 
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unlikely in view of the profound reduction in 
peripheral vascular resistance in hyperthyroidism. 
During isometric exercise vascular resistance will cer- 
tainly be lower in hyperthyroidism. Crude derivation 
of vascular resistance from our study (using the for- 
mula of Feigenbaum et al for ventricular volumes?) 
supports this contention. Despite this reduction in 
peripheral vascular resistance, the pre-ejection period 
during isometric exercise was significantly longer in 
the hyperthyroid (144(4) ms) than in the euthyroid 
(135(4) ms) state. This significant prolongation in 
exercise pre-ejection period in hyperthyroidism was 
maintained after autonomic blockade. 

The results of our study suggest reversible abnor- 
malities in left ventricular contractile responses to 
exercise in hyperthyroidism that may persist for some 
weeks after the restoration of a biochemical euthyroid 
State. 


J C Forfar, 

D M Matthews, 

A D Toft, 

Department of Cardiology, Endocrine Unit 
and University Department of Medicine, 

Royal Infirmary, d 

Edinburgh, : 

EH3 9YW. 
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Table Effects of antithyroid treatment on left ventricular function | 
өт 


Measurement Source 
Systolic arterial pressure (mm Hg) Forfar et al 
Heart rate (beats/min) `7 Forfar et al 
Ventricular diastolic diameter (cm) Forfar et al 
Ventricular diastolic volume (ml)* Calculated 
Ventricular systolic diameter (cm) Forfar et al 
Ventricular systolic volume (ml)* Calculated 
Ventricular stroke volume (ml)* Calculated 
Cardiac output (V/min) - Calculated 
Peripheral vascular resistarice (mm Hg min/l~ !) Calculated 


Hyperthyroid Euthyroid 

Resting Exercising Resting Exercising 
126 151 119 144 
99 108 82 93 
42 43 40 41 
38-8 41-6 33-5 36-1 
2-7 3-2 3-0 2.9 
10-3 17-2 14-1 12-8 
28-5 24-4 19-4 23-3 
2-84 2:64 1:59 2-17 
44:3 ‚57-2 74-8 66-4 


*In the calculations of ventricular volume the ventricle was assumed to be spherical. 
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Continuous recording of pulmonary artery pressure 


Sir, 
The statement by Ikram and his coworkers in their 
paper on continuous pulmonary artery pressure 
recording (1984; 51: 421—6) that: “The total (meas- 
urement) system has a frequency response linear to 8 
Hz allowing accurate pressure recording over the full 
range of heart rates" should not pass unchallenged. 
Ikram suggests that, although the catheter- 
transducer pressure measurement system is under- 
damped with its resonant peak at 16 Hz, these charac- 
teristics are compensated by the limited frequency 
response of the Medilog tape recorder and playback 
system. The problems of low frequency catheter reso- 
nance have been discussed in detail by McDonald! 
and by Gabe.? Gabe pointed out that if the catheter- 
transducer damping factor is around 0-2, which my 
measurements on a portable transducer perfusion unit 
and No 5 Goodale Lubin catheter confirm, the highest 
frequency component which can be measured without 
distortion of the signal is about 20% that of the reson- 
ant frequency; in this case up to 4 Hz. Ikram presents 
a Millar catheter record of pulmonary artery pressure, 
a simultaneous record obtained by the transducer 
catheter system, which shows resonance, and a 
“clean” version of the record after replay through the 
recording system (Figs. 3 and 4). Although the 
waveforms are said to match each other, the pulse 
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Fig. 1 Plot of gain in decibels (unbroken line), transmission 
(©) and phase ( А) as a function of log 10 (frequency) for the 
transducer-catheter system and the Medilog recorder. These 
curves were obtained from the measured frequency response of the 
recorder-playback system (filter 4, gain 5) and the calculated 
characteristics of the catheter-transducer using a “pop” test. 


pressure is about 1596 greater in the underdamped 
system compared with the Millar catheter, and after 
replay the pulse pressure is apparently attenuated by 
nearly 5096. Furthermore, the gross distortion of the 
replayed “clean” waveform in the region of the di- 
chrotic notch leaves one with little confidence that the 
systolic and diastolic pressures will be recorded accu- 
rately. 

Ikram shows the frequency response of the entire 
recording system (Fig. 2 in his paper). Using the 
measured frequency response of the Medilog recorder 
and replay unit (AM4 recorder amplifier and PB2 
replay unit with PM3 amplifiers) and by treating the 
catheter and transducer. as a classical second order 
system with its variables determined by a “рор” test,' 
the frequency response of the entire system may be 
approximated and is shown in Fig. 1. The agreement 
with Ikram's results is reasonable, although the —2 
dB (2196) attenuation at 2-5 Hz shown in his paper 
cannot be reproduced precisely. When this curve is 
plotted as transmission rather than gain in decibels it 
is clear that the response of the system is far from flat 
within the physiologically significant range of fre- 
quencies. 

This passband characteristic arises from three 
effects. The signal is attenuated by a simple presett- 
able filter in the Medilog replay system, and attenua- 
tion will occur throughout the physiologically 
significant range of frequencies. This attenuation is, 
however, offset with increasing frequency because the 
effect of the resonant peak of the catheter becomes 
more significant. Also, the demodulator in the replay 
unit uses a very sharp filter with a corner frequency 
set at 8 Hz. Although this filter has a nominally fiat 
passband, there is a slight increase in transmission at 
around 8 Hz (this overshoot in transmission is adjust- 
able using a preset control in the replay unit) so 
further offsetting the attenuation of the simple pre- 
settable filter. 

Such a system does not damp catheter resonance 
correctly. It relies on the slightly non-ideal charac- 
teristics of the replay unit demodulating filter which 
varies between individual units. It also relies on pre- 
cise catheter resonance characteristics. McDonald! 
and Gabe? emphasise that the frequency response of a 
catheter transducer system near its resonance depends 
on the exact resonant frequency and the damping. 
The frequency response of the catheter, and hence the 
response shown in Fig. 1, may be dramatically modi- 
fied by the formation of small bubbles within the 
catheter, which lower the resonant frequency and 


Logig (power) 





o ^ 20 40 . 60 80 
| Frequency (Hz) 


. .Fig.2 Mean power spectral density of replayed signals from the 

* Medilog recorder after recording a 16 Hz tone (unbroken line) 
and 60 Hz (symbols). The replayed signal (filter 0, gain 5) was 
digitised at 12 kHz with the 3 dB point of the antialiasing filter 
set at 6 kHz. The signal was recorded in blocks of 256 points, 
tapered with a half cosine bell, and the power spectrum obtained 
using the FFT algorithm. The curves are the means of 43 
records. ae 
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increase the damping, and also by the formation of 
very small clots at its tip, which increase the damping. 


«si. "The shape of a recorded signal depends not only on 


the relative amplitude of the various Fourier compo- 
nents. but also on their respective phases. An ideal 
system, such as an optimally damped resonant sys- 
tem, has a phase response which increases linearly 
with frequency and corresponds to delay in the signal 
without -modification of its.shape..The calculated 
phase response of the catheter, recorder, and replay 
system is shown in Fig. 1. It is decidedly non-linear in 
the passband, resulting in severe signal distortion. 
The expected error in pulse pressure using this sys- 
tem can be estimated by convolving a known simu- 
lated waveform (derived from Millar catheter data) 
and the measurement system impulse response. This 
calculation: shows that there can be up to +15% error 
in measured pulse pressure which will depend on the 
heart rate, replay unit filter setting, and the shape of 


Correspondence 


the measured waveform. In practice, the overall 
behaviour of the recording system is likely to be worse 
than is suggested in Fig. 1 because of intrinsic recor- 
der noise. Sayers et al have shown that systemic arter- 
ial pressure waveforms, measured with a portable 
transducer perfusion unit and a Medilog recorder, are 
degraded so that they cannot be distinguished from 
noise above 6 Hz.? 

Finally, Ikram's frequency response plot shows two 
resonant peaks, one at 16 Hz and the other at about 60 
Hz, which is attributed to the NIH catheter. The 60 
Hz peak is very heavily attenuated by the applied 
filter and the resonant mode at 16 Hz to approxi- 
mately —90 dB. The amplitude of this peak would 
therefore be expected to be in the region of 5000. 
There is, however, no possibility-of this peak being a 
genuine part of the measured signal because the 
Medilog recorder uses pulse width modulation to 
record a DC biased signal and has a carrier frequency 
of 40 Hz.* A 16 Hz sine wave was recorded on a 
Medilog recorder and the smoothed power spectrum 
of the replayed signal estimated to see if the peak at 60 
Hz represents the 16 Hz peak reflected in the first 
modulation sideband of the signal. In addition, a 60 
Hz sine wave was recorded and the smoothed power 
spectrum of the replayed signal was obtained. The 
results of these experiments are shown in Fig. 2. The 
16 Hz tone is replayed faithfully, but there is no evi- 
dence of-a 60 Hz component representing a modula- 
tion sideband. The 60 Hz tone is undetectable on 
replay. 

The data presented by Ikram and his coworkers, 
and that obtained by myself, suggest that the combi- 
nation of a portable transducer perfusion unit, a No 5 
Goodale Lubin catheter, and a Medilog recorder in its 
DC mode has a frequency response which is inadequ- 
ate for precise dynamic measurements of pulmonary 
artery pressure but is adequate for recording slowly 


-moving fluctuations in mean pressure. 


R C Saumarez, 
Lung Function Unit, 
Brompton Hospital, 
London SW3 6HP. 


References 


1 McDonald DA. The design of manometers. In: Blood 
flow in arteries. 2nd ed. London: Edward Arnold, 1974: 
174—208. 

2 Gabe IT. Pressure measurement in experimental 
physiology. In: Bergel DH, ed. Cardiovascular fluid 
dynamics, vol 1. London and New York: Academic 
Press, 1972: 11—50. И 

3 Sayers BMcA, Ellis NE, Green Н. Minimum and maxi- 
mum requirements for physiological measurement; intra 


Correspondence 


arterial blood pressure. EEC contract report 297-76-12 
ЕСТ. Section 5. 1978. 

4 Medilog MR-10 recorder service manual. Oxford: Oxford 
Medical Systems. 


This letter was shown to the authors, who reply as 
follows: 


Sir,. 
We would like to respond to Dr Saumarez's criticism 
of our technique for recording ambulatory pulmonary 
arterial pressure in man. 

Our first.comment is that he has assumed that Fig. 
3 and Fig. 4 (p 424) come from the same patient. This 
is not the case and nowhere is this stated or implied in 
our paper. The purpose of Fig. 3 was to depict a 
comparison of waveforms from a high fidelity trans- 
ducer tipped Millar catheter and a simultaneously 
recorded pressure using the Akers strain gauge with 
the fluid filled catheters used in our ambulatory sys- 
tem. Figure 4 is an example of the waveform pro- 
duced by the Medilog playback unit, but they are 


from different patients. Hence his conclusions on 


waveform distortion based on that assumption are 
probably incorrect. 

His comments on the frequency response of the 
total system are based on actual measurements of only . 
some of the components, while the response of others 
has been calculated from published specifications. 
We, on the other hand, have tested the response of the 
entire system with a swept frequency generator and 
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Fig. 1 Phase response in relation to frequency response. 
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Fig.2 Pulmonary arterial pressure (mm Hg) (a) at rest and (b) 
at submaximal exercise. 


pressure chamber. This has produced the results 
depicted in our Fig. 2 (p 423). 

His comments on the probable effects of micro- 
bubbles and clots on resonance and frequency 
response would apply to any catheter manometer sys- 
. tem. In practice we have not found this to be a prob- 


lem once a suitable catheter, heparin dose, and pump J 


speed were perfected. 

As regards the phase linearity, Saumarez’s Fig. 2 
plots phase response against the logarithm of the fre- 
quency. If phase is replotted against a linear fre- 
quency scale then it is evident that phase response is 
linear to above 7 Hz (Fig. 1). 

Milnor states that 95% of the energy in the pulmo- 
nary arterial waveform lies within the first six harmon- 
ics.! This would suggest that our system is adequate 
to record the waveform at rest and moderate exercise. 
Figure 2 shows the waveform obtained in a patient at 
rest and during submaximal levels of exercise. This 
clearly shows systolic and diastolic peaks as well as the 
dicrotic notch and “а” wave at a heart rate of 120 
beats/min. Despite theoretical problems, the system 
in practice does better than “follow slow oscillations 
around the mean” as Saumarez says. His reference to 
Sayers et al's comment? that systemic arterial pressure 
is unrecordable over 6 Hz using the Medilog system 
is inappropriate in the context of the pulmonary 
artery. In this vessel the mean pressure is low and the 
pulse pressure is a greater proportion of the mean 
pressure—that is the harmonics have a higher power 
content. 

For these reasons we believe. that our method is 
capable of recording systolic and diastolic pressures 
with reasonable accuracy but, as is readily acknow- 
ledged in our paper, it is incapable of high fidelity 
waveform reproduction. 

The ultimate reason for developing the technique is 
to provide hitherto unobtainable physiological data on 
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the pulmonary circulation. Our studies on patients 
suggest that this is possible despite the obvious com- 
promises inherent in a-fluid filled low fidelity system. 
But until the inevitable development of better 
methods, it remains a practical method currently 
available for this purpose. 


Hamid Ikram, 

A M Richards, 

E J Hamilton, 

M G Nicholls, 

Department of Cardiology, 

The Princess Margaret Hospital, 
Christchurch, 

New Zealand. 
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This letter was shown to Dr Saumarez, who replies as 
follows: 


Sir, 

Ikram et al (p 583) have replotted the phase response 
in Fig. 1 of my first letter (p 581), and the replotted 
data purport to show that the phase response of their 
measurement system is linear over its operating range. 
They have not plotted the data correctly and the con- 
clusion they have drawn is false. Figure 1 in my letter 
is a Bode plot. The characteristic of an ideal system 
when its phase is plotted in this way is that there is a 
constant phase increment for a constant frequency 
increment rather than that the plot is a straight line. 
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Admittedly, this is hard to see when the plot is 
reduced in scalé. I have replotted the phase shift of 
the system as difference from the ideal linear phase 
change over the range 1-8 Hz (Figure); and it is quite 
clear that the phase response is non-linear. There is 
approximately 25? phase lead at 5 Hz. This has a pro- 
found effect on signal distortion. At a heart rate of 100 
beats/minute, the second and third harmonics of the 
pressure waveform will contribute about 30-40% of 
their maximum amplitudes to the measured instan- 
taneous pressure signal at a time when they have no 
contribution to the undistorted waveform. It is this 
effect, as well as amplitude distortion, which renders 
the catheter/transducer/Medilog system an unsatisfac- 
tory instrument for measuring any dynamic feature of 
the pulmonary artery pressure waveform. 


R C Saumarez, 

Department of Medicine, 
Guy's Hospital Medical School, 
London SE1 9RT. S 
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Chronic Mobitz type I second degree atrioventricular 


block 


Has its importance been underestimated? 


RONALD W F CAMPBELL 


From the University Department of Cardiology, Freeman Hospital, Newcastle upon Tyne 


Second degree heart block traditionally is separated 
into subtypes considered to be clinically, pathologi- 


cally, anatomically, prognostically, and therapeuti- ` 


cally distinct.!~8 

Mobitz type II block has been associated with an 
adverse prognosis through its progression to complete 
heart block with unstable and slow ventricular escape 
pacemakers. Pathological studies have indicated that 
the block is most usually in the His-fascicular system. 

Mobitz type I block (Wenckebach block) has been 
regarded as much more benign. In young subjects, 
particularly those who are well trained, it can occur 
through excess vagal tone.? In more elderly patients, 
disease of the atrioventricular node has been held 
responsible for the arrhythmia. In the event of com- 
plete atrioventricular block escape pacemakers are 
expected to be stable and to operate at a reasonable 
rate. 

Shaw et al present data in the current issue of the 
journal (p 587) which challenge some of these long held 
concepts. In their figures, derived from up to 14 years 
of follow up in a selected but geographically contained 
population, three and five year survival rates in 
unpaced patients were similarly poor regardless of the 
type of second degree atrioventricular block. Based on 
this evidence, electrocardiographic features can no 
longer be used to separate high and low risk patients 
with second degree atrioventricular block. Their 
review of the prognostic data for type I block high- 
lights the paucity of evidence on which current clini- 
cal practice is based and the ease with which 
authoritative opinion may be established.!? 

The findings of Shaw et al have important therapeu- 
tic implications. In their observational study, perma- 
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nent pacemaking was neither randomly nor systemat- 
ically applied except as treatment for patients with 
major cardiac symptoms, particularly disturbances of 
consciousness. The significant prognostic advantage 
observed in paced patients leads the authors to con- 
clude that patients with chronic type I second degree 
atrioventricular block “should be considered for 
pacemaker implantation on similar criteria to those 
adopted for higher degrees of block.” Their observa- 
tions of the results of this intervention refute a dif- 
ferential therapeutic approach to these subtypes of 
second degree atrioventricular block. 

The authors, mindful of their observed 42% five 
year survival for unpaced patients with type I 
atrioventricular block, suggest that “in the absence of 
special circumstances" patients with this arrhythmia 
Should be treated with pacemakers. The "special cir- 
cumstances" are not specified, but the implication is 
that the policy for pacemaker implantation should be 
more liberal. We must, however, be cautious before 
adopting radical changes in clinical management. In 
the study as reported, the decision that a patient be 
paced or be left unpaced emerged as the most relevant 
prognostic factor, and the near normal life expectancy 
for paced patients emphasises the propriety of pacing 
for this group selected largely on the basis of symp- 
toms. The study does not explore the question of 
whether or not the unpaced patients would have 
derived similar benefits from pacing. Although the 
results might merely support current indications for 
pacing in second degree atrioventricular block, the 
remarkably poor prognosis for unpaced patients, 
irrespective of the type of second degree block, forces 
reconsideration. 

Adoption of a more aggressive pacing policy would 
have doubled the pacemaker insertion rate in the 
population reported in this study. If extrapolated to 
the United Kingdom, prophylactic pacing for Mobitz 
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type I atrioventricular block might necessitate an 


extra 280 pacemaker insertions a year at a cost of - 


£165,000. Have Shaw et al presented sufficiently se- 
cure evidence to support this approach? It is easy to 
procrastinate and to defer policy changes awaiting 
confirmation of controversial results. The long follow 
up required to assess the efficacy of intervention in 
this condition discourages, however, prospective 
investigation, and few other studies can be expected 
to be available within the next five or 10 years. Rather 
we must critically weigh this new evidence and ack- 
nowledge that Shaw et al present the most com- 
prehensive information currently available for this 
patient population. 

Scientists may await the definitive answer, but 
clinicians will be tempted to widen their indications 
for pacing in chronic second degree atrioventricular 
block. Fortunately, such an approach need not 
impede further scientific study. Implantation of a rate 
programmable VVI generator with a low backup pac- 
ing rate might preserve life in the event of asystole, 
while its activation would confirm its therapeutic 
value. 
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Survival in second degree atrioventricular block 


DAVID B SHAW, CHRISTOPHER А KEKWICK, DAN VEALE, JIM GOWERS, 
TONY WHISTANCE 


From the Cardiac Department, Royal Devon and Exeter Hospital (Wonford), Exeter 


SUMMARY Two hundred and 14 patients with chronic second degree heart block were seen and 
followed up in the Devon Heart Block and Bradycardia Survey between 1968 and 1982. The patients 
were divided into three groups according to the type of block. In group | there were 77 patients with 
Mobitz type I block (mean age 69 years), in group 2, 86 patients with Mobitz type II block (mean 
age 74 years), and in group 3, 51 with 2:1 or 3:1 block (mean age 75 years). The five year survival was 
similar in all groups, being 57%, 61%, and 53% in groups 1, 2, and 3 respectively. The presence or 
absence of bundle branch block did not appear to influence prognosis. In particular, patients in 
group 1 without bundle branch block did not fare any better than those in group 2 both with and 
without bundle branch block. One hundred and three of the patients were fitted with pacemakers, 
the proportion being greatest in group 2. In each group a significantly larger number of paced 
patients survived than unpaced. The five year survival for all the paced patients in the study was 
78% compared with 41% for the unpaced. Since the paced patients were slightly younger than the 
unpaced two age matched groups of 74 patients each were selected from the paced and unpaced 
patients, but the five year survival of those paced was still significantly better. 

It is concluded that in the patients in the present study chronic Mobitz type I block has a similar 
prognosis to that of Mobitz type II block. Unpaced patients with both types did very badly, whereas 
those fitted with pacemakers had a five year survival similar to that expected for the normal 
population. These results refute the benign reputation of chronic Mobitz type I block and imply that 
patients with this condition should be considered for pacemaker implantation on similar criteria to 
those adopted for patients with higher degrees of block. 


The use of pacemakers has been a major advance in 
the treatment of different forms of bradycardia, and 
because of its dramatic effect in some groups of 
patients it has become the vogue. The reaction to this 
is the current reassessment of the place of the 
pacemaker in several conditions. Four years ago we 
produced evidence that the prognosis in chronic 
sinoatrial disorder (sick sinus syndrome) was not 
appreciably improved by pacing,! and recently the 
place of this form of treatment in high risk bundle 
branch block has been questioned.2~4 Second degree 
Mobitz type I (atrioventricular nodal) block is widely 
believed to be relatively benign.5~7 The corollary is 
that patients with this type of conduction disturbance 
do not require pacing in the absence of troublesome 
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symptoms.®~ !° Nevertheless, the number of patients 
with second degree block in these studies is relatively 
small; furthermore, the reports come from highly 


' specialised units, which in turn implies considerable 


case selection. Reappraisal of the natural history and 
indications for a pacemaker in partial heart block 
would now seem appropriate. 

We report a 14 year prospective study to compare 
the outlook of patients with second degree Mobitz 
type I (atrioventricular nodal) block with that of those 
with Mobitz type II (distal) block, both with and 
without pacemakers. Recently, it has been suggested 
that 2:1 and 3:1 atrioventricular block may be a dis- 
tinct form of second degree block.5 Patients whose 
electrocardiograms consistently showed this pattern 
have been treated as a separate group. 


Patients and methods 


ELECTROCARDIOGRAPHIC DIAGNOSIS 
Patients with second degree block were sought from 
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Table 1 Basic data on entry. Figures are numbers of patients unless stated otherwise 
nS i eee Le 








Patient groups All patients 
1 2 3 
No in group 77 86 51 214 
Mean age (yr) 69 74 75 72 
Median age (yr) 72 74 77 74 
Age range (yr) 25-96 44-92 31-97 25-97 
Right bundle branch block 14 17 12 43 
Left bundle branch block 13 19 6 38 
Stokes-Adams attacks 25 40 19 84 
Dizziness (short of loss of consciousness) 10 11 10 31 
Chest pain on effort 18 17 9 44 
“Cardiac” breathlessness 19 20 16 55 
No major symptoms 35 30 16 81 
Cardiac failure 4 6 6 16 
Myocardial infarction 12 8 11 31 
Sinus. node disease 5 2 0 7 
Congenital heart disease 2 2 0 4 
Rheumatic fever Й 9 7 5 21 
Diabetes 5 E" 3 10 
Cerebrovascular accident 9 6 5 20 
Rheumatoid arthritis 10 9 5 24 


the Devon Heart Block and Bradycardia Survey dur- 
ing the period 1968-82. This recruits by direct 
approach to the general practitioners in the area, from 
the open electrocardiographic service of the Exeter 
district, and from referrals to the cardiac department 
in Exeter by physicians of the Torbay, North Devon, 
and Exeter districts.!! !? Patients with second or third 
degree block or unexplained bradycardia (ventricular 
rate below 56 beats/min) are admitted to the survey. 
Instances of transient block persisting for less than 28 
days after acute myocardial infarction or carditis and 
drug induced block—in patients taking digitalis, 
block not persisting for more than 17 digitalis free 
days—are excluded. 

Two hundred and fourteen of the patients seen in 
the survey were found to have second degree atrioven- 
tricular block on the standard 12 lead electrocardio- 
gram, and these form the basis of the present study. 
Patients were divided into three groups according to 
the first electrocardiogram showing second degree 
block. Those with Mobitz type I or Mobitz type II 


` block! formed groups 1 and 2 respectively. If the 


initial electrocardiogram showed 2:1 or 3:1 atrioven- 
tricular block but subsequent traces showed features 
of Mobitz type I or Mobitz type II the patient was 
allocated to the appropriate group. In some patients 
2:1 or 3:1 block remained “‘fixed” and these formed 
group 3. 


CLINICAL DETAILS J 

Table 1 shows the composition of the three groups. 
The mean and median age were lowest in groüp 1, 
although the differences from the other groups were 
not significant. There was a general preponderance of 
males, the sex ratio being 1:3 : 1 (males to females). 
Group 3 was unusual in having a gross reversal of the 
sex ratio of 0-65 : 1, the difference being significant at 
the 196 level. The figures for symptoms in Table 1 
refer to those recorded by us on entry to the study. 
The complaint of breathlessness was considered to be 
cardiac in origin if the patient was receiving a daily 
dose of 240 mg frusemide or >1 mg bumetanide. 


Table 2 Numbers of. patients showing a change in conduction during the survey 
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Group BBB Mobitz type I Mobitz type II Fixed 2:1 or 3:1 block Third degree block 
On entry Later On entry Later On entry Later On entry Later On entry Later 
Group 1 
No BBB 47 45 2 0 3 2 1 0 18 
ВВВ 27 3 30 0 0 1 0 0 0 12 
Group 2 
Мо ВВВ 41 0 1 38 3 3 2 0 17 
BBB 36 9 0 0 40 5 5 1 0 15 
Group 3 
No BBB 28 0. 0 0 0 28 0 0 14 
ВВВ 18 5 0 0 0 0 23 0 0 7 


BBB, bundle branch block. 


Survival in second degree atrioventricular block 


Symptomatic patients usually had more than one 
complaint, but 81 had no major cardiac symptoms on 
entry. 

The reason for the patients’ initial attendance to 
their doctor was not included in the data recorded 
when the survey started in 1968 and was added to the 
questionnaire subsequently. In the 131 patients seen 
during this latter period dizziness or some other dis- 
turbance of consciousness was the principal complaint 
in 54 patients (16 in group 1, 21 in group 2, and 17 in 
group 3) and coincidental non-cardiac illness was the 
next most common form of presentation in 29 patients 
(11 in group 1, 14 in group 2, and four in group 3). 
Other reasons for the patients seeking medical advice 
were breathlessness in 23, chest pain in six, routine 
medical examination in six, palpitation in three, and 
the reason for consultation could not be ascertained in 
10. 


SURVIVAL ANALYSIS 

Survival was calculated from the date of the first 
observation of second degree block to the date of the 
last follow up examination or death, and the date of 
pacemaker insertion, if any, was noted. In the case of 
paced patients two sets of figures were derived, one 
dating survival from entry to the study and the other 
from the time of implantation.! In the absence of 
complications patients were reviewed annually with a 
questionnaire, physical examination, and an elec- 
trocardiogram. Every effort was made to follow 
patients leaving the district, but one of them, having 
been seen regularly for four years, was lost. Survival 
was analysed by the life table method.'* Survival 
curves were compared year by year over a five year 
period using the Lee-Desu statistic,!5 ' and mortality 
figures for a normal population of the same age and 
sex distribution were calculated from the Registrar 
General Decennial Supplement.'? 


Resuits 
CHANGES IN CONDUCTION 


Few patients (five) changed from Mobitz type I to 
Mobitz type II, or vice versa, during the study and 


589 


only 14 patients in groups 1 and 2 had episodes of 2:1 
or 3:1 block ( Table 2). Improvement in conduction to 
first degree block or normal conduction occurred in 
35 cases. In 83 patients there was transient or persis- 
tent deterioration to third degree block. Bundle 
branch block was present in 98 patients, usually on 
entry, but in 17 it developed during the study. 
Twenty patients developed Stokes-Adams attacks 
after entry to the study (seven each in groups 1 and 2 
and six in group 3), and other major cardiac symp- 
toms occurred in a further six patients. One hundred 
and three patients were fitted with pacemakers, the 
numbers in the groups being 33, 49, and 21 in groups 
1, 2, and 3 respectively. Most patients were paced to 
prevent disturbance of consciousness, and this or 
another major cardiac symptom was present in 29, 41, 
and 18 of the paced patients in groups 1, 2, and 3 
respectively. Three patients were paced to allow them 
to drive a car and 12 because of minor symptoms. 


SURVIVAL DATA 

The overall survival of patients in all groups was 
essentially similar (Table 3; Figure and Table 4), the 
median being 69 months. Paced patients fared con- 
siderably better than those unpaced in all groups. In 
group 1 the percentage survival at five years was 78 tor 
paced subjects (dating survival from entry to the 
study) compared with 42 for unpaced subjects 
(p«0-0D, in group 2 the figures were 73 and 48 
respectively (p« 0-015), and in group 3 they were 86 
and 31 respectively (p« 0-001). Table 3 also compares 
the survival of paced and unpaced patients pooling the 
data from groups 1, 2, and 3. The paced patients had 
a very much better outlook, but the two sets were not 
identical in respect of age since more of the younger 
patients were paced than the older patients (mean age 
difference 5 years). To reduce the age imbalance the 
paced and unpaced groups were both stratified by age, 
and randomised deletions were made so as to equalise 
the numbers of paced and unpaced patients within 
each age band. This process produced paced 
and unpaced subsets, each having 74 members. Age 
matching improved the five year survival of the 
unpaced patients from 4196 to 4996. Nevertheless, 


Table 3 Percentage survival in the three groups for paced and unpaced patients. Values are mean (SEM) 





Group Survival at three years 








Survival at five years Signifiance (p) 
All patients Unpaced — Paced* Расе All patients Unpaced Расей* Pacedt Paced* vs Paced} vs 
unpaced unpaced 
1 63-6 (5:8) 50.6 (7-9) 830(69) 82-7 (7-1) 56:5 (6-2) 41:9 (8:0) 78-4 (7-9) 78-1 (8-0) <0:01 <0013 
2 69-7 (5-5) 59:5 (8-7) 77-8 (66) 743 (7-1 61-4 (6-2) 47-6 (9:3) 73-3 (7-6) 74-3 (7:1) «0-015 «0.08 
3 65-1 (7-3) 457(99) 94-2 (57) 928(82 52-6 (8:2) 30-5 (9:8) 856(97) 87:5 (13:7) «0.001 «(0-002 
Pooled data 66-3 (3:5) 488(51) 82-8 (4-1) 79-8 (4-4) 57:5 (3-9) 41-0 (5-2) 77-5 (4:8) 74:0 (5-2) <0:0001 < 00001 





"Survival calculated from the date of entry into the study. 
TSurvival calculated from the date paced. | 
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Years 
Figure (a) Overall survival of patients in the three different groups in relation to time in years since admission to the study. The curves 
are taken to six years to'show that there are no sudden changes in the trends after the initial five years. (b) Survival of paced patients 
compared with that of unpaced patients. In both cases the time in years was estimated from the date of entry to the study. An additional 
line is plotted which represents the expected survival for the general population (National Standard) of similar age and sex. 


they remained significantly worse off (p«0-015) than аре matched paced and unpaced patients. A further 
the paced patients, in whom the five year survivals curve is shown which represents the expected survival 
were 72% when dated from admission to the study of a group of normal subjects of similar age and sex 
and 67% when dated from the time of pacemaker (National Standard). to the patients in this study. This 
implantation. The Figure shows the survival datain the line closely approximates that for the paced patients. 


Table 4 Percentage survival data for the three groups of patients illustrated in Fig. 1. The effective sample sizes are given in 
brackets at annual intervals 

















Time intervals Group 1 ` Group 2 Group 3 Pooled data 
(mnth) А . i 
0 100-0 (77) 100-0 (86) d 100-0 (51) . 100-0 (214) 
3 93-2 93-8 100-0 95-0 
6 91-8 925 . 95:6 93.0 
9 90:4 87.2 : 91-1 89-3 
12 86-2 (64) 84-5 (66) 91-1 (41) X 86-7 (171) 
15 83.3 83-2 82-0 83-0 
18 83.3 80-4 77-3 80-8 
21 78-9 78-9 70:2 76.9 
24 74-4 (53) 77:5 (55) 70-2 (29) 74-6 (137) 
27 7279 75 70: 
30 69.9 73:0 67:7 70-6 
33 65-2 71-4 67-7 
36 63-6 (42) 69-7 (44) 65-1 (26) 66-3 (112) 
39 62-0 69-7 65- 
42 62-0 69-7 59-2 64:3 
45 60-3 67-9 56-1 62-3 
48 60-3 (35) 66-0 (36) 56-1 (18) 61:5 (89) 
51 "56:5 66-0 52 9 
54 56-5 66-0 52-6 59-3 
57 56-5 63-8 52:6 58-4 
60 56-5 (27) 61-4 (28) 52-6 (13) 57-5 (68) 
63 56-5 56-3 
66 542 563 47.8 53-7 
69 49-6 50-5 47-8 ^ 49-6 
72 49-6 (21) 50-5 (16) 42:8 (10) 48-6 (47) 


Survival in second degree atrioventricular block 


Degree of block—Paüents showing a change in 
degree of block, either towards improved conduction 
or to complete block, did not fare worse than those 
whose degree of block remained stable. Bundle 
branch block was not associated with any major dif- 
ference in survival. The survival of all patients with 
and without bundle branch block was 6296 and 7096 at 
three years and 5896 and 56% at five years. There were 
no important differences between patients with and 
without bundle branch block in the three groups. In 
particular, the three and five year survivals of the 47 
patients in group 1 without bundle branch block (72% 
and 6096 respectively) were similar to those of the 
patients in group 2 (7096 and 6196 respectively). 

Risk factors — The potential risk factors of myocar- 
dial infarction and cardiac failure were not associated 
with significant differences in survival, but the num- 
bers of patients with these conditions were small. In 
the non-paced patients there was a significant differ- 
ence in survival (p<0-01) between those with 
Stokes-Adams attacks and those without, being 3196 
and 6596 at three years and 2596 and 5196 at five years. 
The majority of patients with attacks were, however, 
paced, whereas those without were usually not paced, 
so that the overall effect of Stokes-Adams attacks on 
prognosis was reduced (the three and five year survi- 
val of those with attacks being 5996 and 5396 and those 
without being 7396 and 6296 respectively). There was 
no significant difference between the survival of 
patients with and without major cardiac symptoms, 
being 65% and 68% at three years and 58% and 56% at 
five years, but again there was a difference in the 
proportion of paced patients. 

Pacing—Patients without major cardiac symptoms 
had a poor prognosis when left unpaced, with an 
overall three and five year survival of 59% and 45% 
respectively. There were some variations in the 
chances of survival in the three groups, but in all of 
them patients without major symptoms fared badly if 
they were not paced. In groups 1 and 2 the five year 
survivals were 4896 and 4996 respectively, and the 
mean ages of the unpaced patients without major 
symptoms were similar to that of the parent groups, 
being 67 and 75 years respectively. Unpaced patients 
without major symptoms in group 3 were rather older 
than the mean age for the group as a whole, the mean 
age being 80 years, and there was insufficient data to 
calculate survival at five vears but the three vear sur- 
vival was only 29%. 


Discussion 


In 1968 Langendorf and Pick made a plea for the 
clinical distinction between type I and type II 
atrioventricular block on the routine electrocardio- 
gram.!? They considered this to be of particular value 
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in the immediate postmyocardial infarction period, 
because they found that the prognosis of type I was 
much better than that of type II. With the introduc- 
tion of the technique of His bundle electrocardiogra- 
phy several workers pointed out the potential falli- 
bility in the use of the surface electrocardiogram 
to locate the site of block./?"?! Nevertheless, 
classification on the basis of the surface electrocar- 
diogram still appears to be generally acceptable. Gol- 
dreyer comments, “fortunately His bundle elec- 
trocardiography has shown that the location of the 
block is generally apparent from the electrocardio- 
gram..... ” 22 and in 1979 Zipes wrote, “although 
the classification is descriptive, clinically separating 
second degree AV block into type I and type II serves 
a useful function and in most instances the differentia- 
tion can be made easily and reliably from the surface 
ECG."* 

The similarity in outlook between patients with 
Mobitz type I and Mobitz type II second degree 
atrioventricular block in our study is at variance with 
current opinion.!? Even patients with Mobitz type I 
block without bundle branch block, who previously 
were considered to have an optimum prognosis,^ had 
a five year survival that was no better than that of 
patients with Mobitz type II block. Contrary to views 
expressed in published reports, Stokes-Adams 
attacks were common in patients with Mobitz type I 
block in this series. Before discarding these results as 
a statistical quirk, we propose to review the evidence 
on which the present consensus is based. 

In their report the American College of Cardiology 
and Heart Association Task Force on assessment of 
cardiovascular procedures concluded that Mobitz 
type I second degree atrioventricular block, when due 
to nodal delay, was relatively benign?^ and refer to 
three authoritative studies.5 78 Donoso et al reviewed 
11 patients with second degree block discovered in 
100 consecutive cases of Stokes-Adams syndrome.? 
There were three patients with Mobitz type II block, 
one of whom died a year after initial assessment and 
another required a pacemaker. The other eight cases 
were of "more advanced atrioventricular block," 
varying between 3:1 and 5:1. Two of these patients 
died in hospital, and three more died in the next 12 
months. They do not describe any patients with 
Mobitz type I block. Dhingra et al reported 15 
patients with second degree atrioventricular block and 
bundle branch block, four of whom had Mobitz type I 
block.’ They concluded that the clinical course in 
most of such patients would be "malignant," with 
most needing pacemakers whether the block was 
proximal or distal to the His bundle, and three of their 
patients with Mobitz type I block required pacemaker 
therapy. Strasberg et al reported 56 patients with 
chronic second degree atrioventricular block, fol- 
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Table 5 Second degree atrioventricular block recorded by ambulatory electrocardiographic monitoring in studies of normal subjects 


Author 





Subjects Mobitz type I Mobitz type II 
No Age (ут) 

Scott et al?! 131 10-13 (range) 14 0 

Viitasalo et аЇ3? 35 23-0 (5-8) (mean (SD)) 2 0 

Brodsky et al33 50 23-27 (range) 3 0 

Sobotka et al34 50 22-28 (range) 2 0 

Clarke et а135 86 16-65 (range) 2* ]* 

Clee et ai?$ 50 Over 50 I 1 

Camm et аіз? 98 Over 75. 0 0 





*One subject common to both. 


lowed up for periods of between 157 and 2280 days.? 
They differentiated between those with and those 
without associated organic heart disease and found the 
latter to have a relatively benign cause. Nevertheless, 
this was a small group of only 19 patients, of whom 
seven were trained athletes and 12 were under 35 
years old. Even in this rather unusual group six had 
had one or more syncopal attack, two were fitted with 
pacemakers during the study, and two died “поп 
suddenly." Most of their patients (37) had organic 
heart disease, 16 of whom died during the study (10 
were paced and five of these died during follow up). 
The reports sited above show the potentially danger- 
ous nature of Mobitz type II second degree block, but 
the evidence that chronic Mobitz type I block is rela- 
tively harmless is far from definite. 

Recent studies imply that the pathological distinc- 
tion between Mobitz type I and Mobitz type II block 
if often blurred. Certainly, anatomical lesions in the 
conducting system show poor correlation with the 
electrocardiogram,?5 26 and this is not always greatly 
improved when the His bundle electrocardiogram is 
used to locate the block.?? Ohkawa et al reviewed the 
histology of the conducting system in five patients 
with narrow QRS complexes and block proximal to 
the His bundle deflection (AH block) and four 
patients with wide QRS complexes and block distal to 
the His bundle deflection (HV block).75 In the 
former, the main pathological change was found in 
the branching portion of the bundle in three of the 
five patients. The authors conclude that AH block 
resulted not only from lesions in the upper part of the 
His bundle but also from lesions in the branching 
portion. 

Surveys of normal subjects, using standard elec- 
trocardiography, indicate that second degree atrioven- 
tricular block is very гаге,29 3° but Mobitz type I 
block has been recorded on ambulant electrocardio- 
grams in some normal people. The conduction dis- 
turbance is transitory, usually occurring at night, and 
is principally seen in young subjects (Table 5). This 
phenomenon, commonly ascribed to excessive vagal 
tone, is unlikely to be confused with the persistent 


second degree block occurring in the elderly patients 
of the present study, although, possibly, it may have 
played a part in some of the young athletes studied by 
Strasberg et al. The current study specifically 
excluded instances of transient Mobitz type I block, 
resulting either from digitalis toxicity or acute 
myocardial infarction, which may have a better prog- 
nosis than that of chronic idiopathic atrioventricular 
block. The natural history of chronic heart block is 
multifactorial,3® and it is possible that a subset of 
patients with the features of Mobitz type I second 
degree block on the standard electrocardiogram have 
a good prognosis. No such group could, however, be 
identified in the present study, and analysis of the 
potential risk factors did not indicate any method of 


` detecting low risk subjects. 


Patients in group 3 with fixed 2:1 and 3:1 atrioven- 
tricular block fared similarly to those in the other 
groups. The site of block in this group has tradition- 
ally been considered to be in the bundle branches,?° a 
view supported recently by His bundle electrocar- 
diograms.® The one major difference between group 3 
and the rest was the considerable predominance of 
women in group 3. Men exceed women in most pub- 
lished studies of heart block, but Kulbertus et ai 
found women to predominate in one subgroup of 
interventricular block.*° 

We conclude that a review of three key references 
does not present convincing evidence of a good risk 
group of patients with Mobitz type I second degree 
block. The main objectives for pacemaker therapy, in 
heart block, are to improve the chances of survival 
and prevent troublesome symptoms, in particular 
Stokes-Adams attacks. In all three groups in the pres- 
ent study, paced patients lived longer than unpaced, 
the difference being significant both in Mobitz type I 
and Mobitz type II block. Even patients without 
major symptoms fared badly if left unpaced. Inevit- 
ably, since this was not a randomised controlled trial 
of pacing, the paced and unpaced patients were not 
comparable in all respects. Nevertheless, no major 
risk factor appeared to predominate in the unpaced 
patients at the expense of the paced. Stokes-Adams 


Survival in second degree atrioventricular block 


attacks occurred in almost half of the patients in each 
of the three groups studied. Current advice is that, in 
the absence of special circumstances, patients with 
chronic Mobitz type II second degree block should be 
treated with pacemakers. This study implies that a 
similar approach should be adopted in cases of 
chronic Mobitz type I second degree block. 


We acknowledge the financial assistance of the British 
Heart Foundation in supporting the Devon Heart 
Block and Bradycardia Survey. 
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Persistent atrial standstill in familial Ebstein’s anomaly 
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SUMMARY Persistent atrial standstill occurred in a father and his youngest son with familial Ebstein's 
anomaly. In both cases routine electrocardiograms showed no atrial electrical activity and cross 
sectional echocardiograms showed inferior displacement of the septal tricuspid leaflet and tethering 
of the tricuspid leaflets to the right ventricle. The father had a cerebral embolism and died of a 
myocardial infarction. Necropsy showed attachment of the septal tricuspid leaflet below the mem- 
branous septum. On serial histological examination fibrofatty infiltration of the right atrial wall, the 
atrioventricular node, and the inferior part of the His bundle up to the bifurcation was present. The 
son had haemodynamic and electrophysiological findings consistent with mild Ebstein's anomaly 


and persistent atrial standstill, for which permanent cardiac pacing was necessary. ` 

The persistent atrial standstill with slow escape rhythm was most probably a consequence of th 
abnormalities in both the atrial wall and the His bundle which, together with the abnormal attachment 
of the tricuspid valve, may be features of the same congenital cardiac anomaly. 


Ebstein’s anomaly is an uncommon congenital heart 
disorder! predisposing to right bundle branch block, 
pre-excitation,? and an increased risk of sudden car- 
diac death.? 4 Atrial fibrillation occurs in one third of 
patients with Ebstein's anomaly? but to our know- 
ledge atrial standstill has never been reported in this 
condition. A familial occurrence has been reported 
independently for atrial standstill577 and for Ebstein’s 
апота]у.8- 10. 

We report the rare association of familial Ebstein's 
anomaly and persistent atrial standstill in a father and 
son. 


Patients and methods 


CASE 1 

A 31 year old man presented in 1956 with transient 
aphasia and right hemiparesis. Two other episodes of 
aphasia occurred during the following years, and he 
was referred to a physician in 1964 because of a return 
of the right hemiparesis and aphasia, which were slow 
.to improve. 
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Physical examination showed a regular pulse of 
48 beats/min, normal heart sounds, and a slight right 
facial paresis. The electrocardiogram showed junc- 
tional regular rhythm with left QRS axis deviation 
and absent initial septal forces. No P waves were vis- 
ible (Fig. 1). An intra-atrial electrogram detected no 
atrial electrical activity. The escape rhythm was 
atrioventricular junctional at a regular rate of 
50 beats/min. 

Right heart catheterisation showed no “а” waves in 
the right atrial pressure tracings. No atrial wall 
movement was observed at fluoroscopy. No angio- 
gram was performed. 

The patient was discharged taking oral anticoagul- 
ants. Simultaneous M mode echocardiograms of the 
tricuspid .and mitral valves were recorded from the 
parasternal transducer position, and tricuspid valve 
closure followed mitral valve closure with an interval 
of 50-ms. There was no A wave on the mitral and 
tricuspid valve echocardiograms. A cross sectional 
echocardiogram in the apical and subcostal four 
chamber views showed an abnormally low septal 
insertion of the septal tricuspid leaflet, enlargement of 
the right atrium, increased redundance of the tricus- 
pid subvalvar apparatus, and tethering of the leaflets. 
In July 1981 he had an anteroseptal myocardial infarc- 
tion and died as a result of cardiogenic shock. At 
necropsy no thrombus was found in the coronary 
arteries. A large infarct of the septal and anterior wail 
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was present with a septal rupture of 3 cm in diameter 
obstructed by a thrombus extending into the right 
ventricle. The septal leaflet of the tricuspid valve was 
attached to the ventricle 1 cm below the membranous 
septum (Fig.2). 

Histological examination of the heart was per- 
formed. The sinoatrial and atrioventricular nodes and 
their approaches, the atrioventricular bundle, and 
bundle branches were serially sectioned perpendicular 
to the long axis of the sinoatrial node and of the His 
bundle. Every tenth section was retained. Alternate 
sections were stained with haematoxylin and eosin 
and the Azan-Heidenhain (variation of Masson- 
Trichrome) stain.!! There were 350 sections in the 
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Fig Electrocardiogram from 
casé 1 showing absence of 

P waves and left QRS axis 
deviation. 


sinus node and 1500 sections in the atrioventricular 
bundle region. Microscopical examination showed а 
fresh infarct and diffuse fibrotic scars in both ventri- 
cles. The right atrial wáll was almost completely 
replaced by fibrofatty infiltration, and there was no 
distinct sinus node structure. Fibrofatty infiltration 
was seen in the approaches of the atrioventricular 
node. The compact atrioventricular node, with disor- 
ganised cells, was located to the right of the central 
fibrous body. The atrioventricular bundle was at the 
ventricular level, on the right, above the tricuspid 
connection. 

Slightly fatty fibrosis was found on the inferior part 
of the His bundle. This fatty fibrosis was increasingly 





Fig2 Case 1: histological section of the atrioventricular 

junction at the level of bifurcation. The His bundle is at the upper 
right of the muscular septum. The tricuspid valve is attached 

1 cm below the membranous septum. (Haematoxylin and eosin 
x 7, original magnification.) 


evident and became subtotal at the end of the bifurca- 
tion. The left main bundle was intact, but an inter- 
ruptive fibrosis was seen in its anterior and septal 
ramifications. The right bundle was intact. 


CASE 2 

The youngest son of the patient in case 1 was born in 
1952. Although asymptomatic, he was referred to a 
physician because of a cardiac murmur. A splitting of 
the two heart sounds, a third heart sound, a soft sys- 
tolic ejection murmur, and a mild diastolic murmur at 
the left sternal border were heard. The electro- 
cardiogram showed sinus rhythm with supra- 
ventricular extrasystoles, first degree atrioventricular 
block (PR interval 0-35 s), and incomplete right 
bundle branch block. 
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At cardiac catheterisation, normal pressures in the 
heart chambers and a moderate left to right shunt of 
1-65: 1 at atrial level were found. Withdrawal of a pac- 
ing electrode from the right ventricle to the right 
atrium showed an electrical pressure pattern consis- 
tent with Ebstein's anomaly. '? 

Left atrial angiography detected a secundum atrial 
septal defect. The right ventricular angiogram showed 
a displaced tricuspid valve, demarcating an atrialised 
and a functional right ventricle. There was moderate 
tricuspid regurgitation (grade IT). In 1978, the patient 
became dyspnoeic on exertion and in 1980 was refer- 
red for further evaluation. 

Physical examination showed no cyanosis. His 
blood pressure was 120/80 mm Hg and his pulse regu- 
lar at 44 beats/min. Heart sounds were unchanged. 
The electrocardiogram showed the absence of P 
waves, and regular ventricular complexes occurred at 
a rate of 40 beats/min with a complete right bundle 
branch block pattern. Continuous electrocardiog- 
raphic monitoring showed heart rates ranging from 22 
to 120 beats/min without P waves and an episode of 
ventricular tachycardia. An electrophysiological study 
showed a complete absence of atrial activity (Fig. 3). 
Right atrial pacing with stimuli of up to 15 mA and 
pulse width up to 2 ms did not result in atrial capture. 
Lack of atrial activity and atrial inexcitability indi- 
cated atrial standstill.! A permanent pacemaker was 
inserted leading to the disappearance of symptoms. 

M mode echocardiography showed a delay in clo- 
sure of the tricuspid valve of 70 ms compared with 
mitral valve closure. Cross sectional echocardiography 
showed inferior displacement of 14 mm of the septal 
tricuspid leaflet in the apical four chamber view. The 
tricuspid valve was slightly thickened, and the 
anterior and septal leaflets were tethered to the right 
ventricle. 
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Fig 3 Simultaneous electrocardiogram, high right atrium 
(HRA) electrogram, and His bundle electrogram (HBE) 
showing the complete absence of atrial activity. 
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Discussion 


Atrial standstill is characterised by the absence of P 
waves on the standard and endocavitary electro- 
cardiograms, a slow, regular, supraventricular escape 
rhythm, a lack of atrial excitability, and an absence of 
atrial contraction and atrial pressure changes. !* Atrial 
standstill may be transient or persistent. Persistent 
atrial standstill is a rare condition. A review of pub- 
lished reports identified 23, of which 15 were isolated 
cases. А familial occurrence has been reported in a 
small mountain community in which marriages be- 
tween siblings had often taken place over several gen- 
erations.” To our knowledge, this is the first case 
reported in association with Ebstein's anomaly. 

The proposed mechanisms for atrial standstill 
include atrial degenerative disease!’ or combined 
atrial and bundle branch disease,!? such as in our 
case. In this respect the haemodynamic stress induced 
by the tricuspid anomaly, such as in rheumatic tricus- 
pid disease, may have produced the abnormalities 
seen in both the atrial wall and the His bundle. The 
associated atrioventricular bundle abnormalities con- 
tributed to the slow escape rhythm. 

Familial Ebstein’s disease is rare," !? and the ano- 
maly is best considered as a failure of delamination of 
the septal leaflet. It is therefore not surprising for the 
atrioventricular bundle to be located above the valve 
attachment, as in our case. 

It cannot be excluded that some of the 40 patients 
with persistent atrial standstill previously reported 
could have had a mild form of Ebstein's anomaly. In 
fact, because of the absence of electrical atrial activity, 
intracavitary electrocardiographic and pressure rela- 
tions are difficult to interpret. A right ventriculogram 
was rarely performed in the reported cases. Cross sec- 
tional echocardiography was not performed in the 
recent reports. This technique seems, however, to be 
the most useful in diagnosing the milder forms of 
Ebstein’s anomaly.!* 17 We suggest that patients with 
persistent atrial standstill should be examined by 
cross sectional echocardiography in the four chamber 
view to detect dysplasia of one or two atrioventricular 
valves.!* 
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Increased diastolic blood pressure response to exercise 
testing when coronary artery disease is suspected 
Ап indication of severity 


FAWAZ AKHRAS, JAMES UPWARD, GRAHAM JACKSON 
From the Department of Cardiology, King's College and Lewisham Hospitals, London 


SUMMARY One hundred and two consecutive patients with a history of chest pain or recent previous 
myocardial infarction underwent maximal treadmill stress testing and coronary angiography. The 
diastolic blood pressure response to exercise was evaluated independently of ST segment change and 
systolic blood pressure. In the presence of a normal systolic blood pressure response an increase in 
diastolic blood pressure of 15 mm Hg on at least two determinations during the same stage of 
exercise was considered abnormal. In 99 patients an accurate diastolic reading was possible. Of 
these, 61 had a normal diastolic blood pressure response; in 25 of these the ST segment was 
ischaemic and seven had three vessel coronary artery disease. Thirty eight patients had an abnormal 
diastolic blood pressure response and 27 of these had an ischaemic ST response. Of the 11 with a 
negative ST response for ischaemia one had left main stem disease, seven three vessel disease, and 
three two vessel disease. Patients with an abnormal diastolic response had greater ST depression 
with more angina at a reduced workload than those with a normal diastolic response. 

In patients with chest pain an abnormal increase in diastolic blood pressure on exercise reflects 
severe coronary artery disease. Although no false positives occurred in this study there was an 
appreciable number of false negatives (sensitivity 4696) in both patients with chest pain and those 
with infarction. An abnormal diastolic response therefore represents a useful additional diagnostic 
indicator of coronary artery disease wlien the ST segment response is normal or borderline. When 
the diastolic pressure becomes increased with or without ST changes the likelihood of severe 
coronary artery disease is increased. 


Normally during exercise the diastolic blood pressure 
decreases owing to а fall in the systemic vascular resis- 
tance secondary to peripheral vasodilatation.! Previ- 
ous studies have shown that the response of the sys- 
tolic blood pressure to exercise testing has its own 
useful diagnostic implications. There is normally a 
graded rise during maximal exercise treadmill testing, 
whereas a failure to rise or a fall during exercise sug- 
gests significant left ventricular ischaemia.?~5 At pre- 
sent, ST segment abnormalities, the systolic blood 
pressure response, and angina are accepted variables 
for assessing the results of exercise testing. Neverthe- 
less, there remain some borderline cases in which 
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interpretation is difficult and an indication of the sev- 
erity of underlying disease uncertain. 

In looking for other diagnostic variables we 
hypothesised that a severely ischaemic left ventricle 
might on exercise suffer a sufficient fall in cardiac 
output that a reflex increase in peripheral resistance 
would increase the diastolic blood pressure. We were 
supported in the hypothesis by the animal work of 
Coote and his colleagues® and additional experimenta- 
tion in man.?^!? We therefore evaluated the diastolic 
blood pressure response to exercise in 102 patients 
with chest pain looking at its independent diagnostic 
role but more importantly at its additive position with 
regard to the established ST and systolic blood pres- 
sure criteria. We were particularly concerned to prove 
or disprove its theoretical physiological reflection of 
significant ischaemia. 
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Increased diastolic blood pressure response to exercise testing when coronary artery disease 1s suspected 


Patients and methods 


STUDY POPULATION 

One hundred and two patients were studied. Twenty 
were undergoing routine assessment after myocardial 
infarction, and the remaining 82 had chest pain 
believed to be of cardiac origin. All were studied by 
maximal treadmill stress testing using 12 lead elec- 
trocardiography, and coronary angiography. Table 1 
shows the patients’ characteristics and clinical data. 
Only patients with a normal resting blood pressure 
were included. No patient received cardioactive drugs 
for 48 hours before the tests, and none was taking 
digoxin. 


EXERCISE TESTING 

Control electrocardiograms and blood pressure meas- 
urements were obtained with the patient standing. 
Twelve lead treadmill stress testing was performed, 
adopting the Bruce protocol.'' Electrocardiograms 
were obtained at one and three minutes of each stage 
of the protocol, at peak exercise, and 1, 2, 3, and 5 
minutes into the recovery period. The recordings 
were made with a fully automated programmable 
three channel electrocardiograph (Marquette Instru- 
ment Co, Model 1800 Treadmill EC MAC 1) comply- 
ing with American Heart Association standards. The 
ST response was considered abnormal if =1 mm of 
downsloping ST depression persisted for five consecu- 
tive complexes 0-08 s beyond the R wave. Blood pres- 
sure was recorded by a standard sphygomomanometer 
cuff technique before, during, and after exercise. 
Diastolic blood pressure was measured at phase V. A 
normal response was defined as no change or a 
decrease in diastolic blood pressure associated with a 
rising systolic blood pressure. An abnormal response 
was defined as an increase of =15 mm Hg in diastolic 
blood pressure on two separate determinations during 
the same stage of exercise. The mean of two separate 
exercise determinations at peak exercise and «20 s 
into recovery was used to calculate the change in dias- 
tolic blood pressure from baseline. Diastolic pressure 
could not be accurately measured in three patients, 
leaving 99 patients available for further analysis. 
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ANGIOGRAPHY 

All patients underwent cardiac catheterisation and 
coronary angiography within six to 10 weeks of the 
exercise test. А luminal narrowing of >70% in any of 
the three coronary vessels was considered to be 
significant and used as the criterion for diagnosing 
coronary artery disease. 


STATISTICAL ANALYSIS 

Clinical, exercise, and coronary angiographic data on 
the 99 patients are expressed as mean (SEM) or mean 
(SD). Differences between continuous variables were 
assessed by the two tail t test and unpaired г test. 


Results 


EXERCISE DATA 

In 38 patients the diastolic blood pressure response to 
exercise was classified as abnormal, and in 61 the 
response was normal. Of those with an abnormal dias- 
тойс response, the specificity was 100% with no false 
positive cases of coronary artery disease. The sensitiv- 
ity was 4696 with a predictive value of 4696. Of those 
with a normal diastolic response and coronary artery 
disease, 24 had single vessel disease, and in 20 of these 
it subtended a previous myocardial infarction. With 
regard to disease greater than single vessel disease the 
sensitivity was 6596 and predictive value 6196. 

The ST responses judged independently gave à 
specificity of 6596 and sensitivity of 3296. А negative 
exercise ST response, however, occurred in 20 of 22 
patients with single vessel disease subtending a previ- 
ous myocardial infarction. In this setting the ST 
response was accurately predicting the absence of 
additional disease. The degree of ST abnormality was 
greater in patients with an abnormal diastolic 
response (1-48 (1-7) vs 0-93 (0:16) mm, p« 0-05) (Fig. 
1). In addition, there were more patients developing 
angina at a reduced exercise time in the group with an 
abnormal diastolic response than in that with a normal 
response (5:3 (1-8) vs 7-6 (1:7) min, p« 0-001) (Fig. 2). 
Eleven of the 38 patients with an abnormal diastolic 
response had no significant ST change on exercise. 
Angiography showed significant coronary artery dis- 











Table 1 Patients’ characteristics and clinical data 
Normal response Abnormal response p value 
(п=61) (n=38) 
Mean (SD) age (yr) 48 (8) 51 (7) NS 
Sex (% of males) 89 87 NS 
No (%) with previous myocardial infarction 35 (57%) 22 (58%) NS 
Mean (SD) resting heart rate (beats/min) 84 (3) 86 (2) NS 
Mean (SD) resting blood pressure (mm Hg) 
Systolic 126 (17) 136 (17) 
Diastolic 79 (8) 82 (8) i 
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Fig. 1 (a) Heart rate and (b) ST segment depression at peak 
exercise in patients with normal and abnormal diastolic blood 
pressure response to exercise. 


ease in all 11 patients. 

The systolic blood pressure response was normal 
for both groups. In those with a normal diastolic 
response the mean systolic blood pressure rose from 
126 (17) to 151 (25) mm Hg and in those with an 
abnormal diastolic response from 136 (17) to 163 (24) 
mm Hg (NS). 


ANGIOGRAPHIC DATA 
At angiography, of the 61 patients who had a normal 


Table 2 Prevalence (96) of coronary artery disease in 
38 patients with abnormal diastolic blood pressure and in 61 with 
normal diastolic blood pressure response to exercise 








Coronary artery Abnormal Normal 
disease 

One to two vessel 24 61 
Three vessel 71 11 

Left main stem 5 0 
Non-significant 0 28 
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Fig.2 (a) Exercise time to pain and (b) percentage of angina 
occurring at peak exercise in patients with normal and abnormal 
diastolic blood pressure response to exercise. VD, vessel disease. 


diastolic blood pressure response to exercise, 37 (6196) 
had one or two vessel coronary disease, seven (1196) 
three vessel coronary disease, and the remaining 17 
(2896) non-significant coronary lesions (Table 2). In 
contrast, 29 (7696) of the 38 patients with an abnormal 
diastolic blood pressure response had three vessel or 
left main stem coronary disease, and only nine (2496) 
had two vessel coronary disease. The difference in the 
proportion of patients in each group with no 
significant coronary artery lesion and three vessel or 
left main stem coronary artery disease was significant 
(p«0-02), and when the disease in each group was 
compared with the results of the diastolic pressure 
response the difference became highly significant 
(p«0-001). Thus, those patients with an abnormal 
diastolic blood pressure response to exercise were 
more likely to have severe coronary artery disease 
than those with a normal response. The number of 
patients who had segmental contraction abnormalities 
on left ventriculography was similar in both groups. 


Increased diastolic blood pressure response to exercise testing when coronary artery disease is suspected 


Discussion 


In the assessment of chest pain believed to be of car- 
diac origin the exercise electrocardiogram is of diag- 
nostic and prognostic importance. The ST segment 
response alone indicates a sensitivity of between 78% 
and 96%, with a specificity averaging 9096.!?!'* Dif- 
ferences in technique and patient selection explain the 
variability with Fox et al who achieved better figures 
with precordial mapping.'? Because many of our 
patients had single vessel disease subtending a previ- 
ous infarct and no additional ischaemia our sensitivity 
figures including this group were poor at 32%. When 
allowance is made for this subgroup, however, the 
figure rises to a more acceptable 79%. 

As this was a prospective study of consecutive exer- 
cise tests a major variability in patient selection occur- 
red. We were principally addressing the concept of 
severe ischaemia so compromising left ventricular 
function that diastolic pressure would rise secondary 
to increased peripheral vasoconstriction. Our observa- 
tions support this hypothesis, but by diluting our 
cases with the less severe we have fortunately been 
able to place the role of the diastolic pressure in pers- 
pective. Firstly, it is essential to define raised diastolic 
pressure. We selected 15 mm Hg for two reasons; 
firstly, we found it difficult in the clinical setting to 
assess accurately the diastolic pressure within 5—10 
mm Hg of baseline, and, secondly, Wolthuis et al, 
studying normal adults, concluded that any rise or fall 
in diastolic pressure was unlikely to exceed 10 
mm Hg.! 

Previous studies make little reference to the dias- 
tolic blood pressure measurements during exercise 
other than to confirm the tendency to fall secondary to 
systemic vasodilatation.? Emphasis is on a fall in 
systolic pressure of =10 mm Hg'!* reflecting severe 
two or three vessel disease rather than single vessel 
disease.! We speculated that before this fall occurs 
compensatory vasoconstriction might increase the 
diastolic pressure so warning of imminent left ven- 
tricular compromise. 
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Addressing the role of the diastolic response alone 
in diagnosis it is clear that it is limited by the large 
number of false negatives. When abnormal, however, 
it appears to be 10096 accurate in identifying underly- 
ing significant disease. It may be, of course, that it 
merely reflects significant left ventricular dysfunction 
from any cause, and we would expect an incidence of 
false positives for coronary artery disease but true 
positives for left ventricular compromise to develop 
with more diffuse populations studied. In patients 
with chest pain it is therefore primarily an index of 
severity reflecting significant left ventricular dysfunc- 
tion secondary to ischaemia and perhaps urgency with 
a view to angiographic evaluation. 

Combining the diastolic response with the ST 
response adds a valuable diagnostic variable. In those 
with a normal diastolic response and two or three ves- 
sel coronary artery disease the exercise ST response 
failed to detect one of 19 patients ( Table 3). In those 
with an abnormal diastolic response the ST change 
alone failed to identify 11 of 38 (29%) patients. In all 
of these the diastolic response was abnormal and the 
severity of the problem identified. It may be argued 
that this ST response is poor, and we would agree. 
Nevertheless, the abnormal diastolic group suffered 
more pain at a lower workload, and it is possible that 
in this situation the diastolic changes preceded the ST 
changes because the primary reflection of ischaemia 
was a profound fall in cardiac output. We excluded 
patients with an abnormal systolic blood pressure 
response so that the diastolic pressure changes could 
be viewed independently. 

In conclusion, in patients with chest pain we 
believe an abnormal diastolic blood pressure rise of 
2:15 mm Hg is a useful and important index of under- 
lying significant coronary artery disease. It is additive 
to the previously accepted variables, and with regard 
to patient selection for further investigations it may 
help in the identification of high risk patients who 
warrant early invasive study. Furthermore, in those in 
whom the conventional variables of exercise testing 
are of borderline value an increased diastolic response 


Table 3 Correlation between exercise electrocardiographic (ECG) variables and coronary angiography. Figures are numbers of 


patients 














Exercise test Coronary angiography Total 
variables 
3VD and LM 2VD IVD NCA 

Normal diastolic blood pressure and: 

Positive ECG 7 12 2 6 27 

Negative ECG 0 1 22 11 34 
Abnormal diastolic blood pressure and: 

Positive ECG 21 6 0 0 27 

Negative ECG 8 3 0 0 11 
Total 36 22 24 17 9g 
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NCA, normal coronary artery. 
*20 patients had previous infarction. 
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should alert the physician to the possibility of 
significant coronary disease. The role of the diastolic 
blood pressure response in other diseases and its mod- 
ification by interventions such as surgery merit 
further study, for if it reflects significant left ventricu- 
Jar dysfunction it could be a valuable prognostic 
marker. 
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Limitations of radionuclide ventriculography in the 
non-invasive diagnosis of coronary artery disease 

А correlation with right heart haemodynamic values during 
exercise 
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University of Ulm Medical Centre, Ulm, West Germany 


SUMMARY А consecutive series of 56 patients with chest pain but no evidence of previous myocardial 
infarction was prospectively studied by radionuclide ventriculography to determine the value of 
global and regional radionuclide indices in detecting coronary artery disease. The results were 
correlated with the clinical judgment of chest pain, the results of the exercise electrocardiogram, and 
the right heart haemodynamic measurements during exercise. As a result of the criteria for entry, 
the study group was representative of the population seen in such a clinical setting. Only 2596 of 
patients had coronary artery disease. The predictive power of radionuclide ventriculography was 
limited. The conventionally used criterion that normal subjects have an increase in left ventricular 
ejection fraction of at least 596 with exercise provided only 7896 sensitivity and 5796 specificity. 
Fourier analysis and visual interpretation of radionuclide studies wrongly diagnosed three out of 10 
patients with extensive disease requiring surgery. 

These results suggest that radionuclide ventriculography is of limited value in the non-invasive 


diagnosis of coronary artery disease. 


The recent development of radionuclide ventriculo- 
graphy offers a non-invasive method of assessing 
global and regional left ventricular function. Early 
studies!~3 suggested that this method might be an 
almost perfect screening procedure for coronary 
artery disease, while recent reports have raised serious 
doubts.4~7 Controversy continues to exist concerning 
the reliability of radionuclide ventriculography as a 
test for coronary artery disease before coronary 
angiography. Some previous studies are of limited 
value in this regard, because patients with a history of 
myocardial infarction were included, medications 
were not withdrawn before exercise stress testing, or 
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healthy asymptomatic volunteers were used as control 
groups. 

Avoiding these potential shortcomings, this pros- 
pective investigation was performed (a) to determine 
the ability of radionuclide ventriculography to iden- 
tify those subjects with significant coronary artery 
stenoses within a consecutive series of patients with 
chest pain and (5) to assess the extent to which addi- 
tional diagnositic accuracy is gained with the use of 
global and regional radionuclide indices compared 
with the history, the exercise electrocardiogram, and 
the evaluation of right heart haemodynamics during 
exercise. : 


Patients and methods 
STUDY POPULATION 


The study population consisted of consecutive 
patients admitted for the evaluation of chest pain 
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which their referring doctor considered might suggest 
coronary artery disease. Patient selection was prospec- 
tive and based on the history, physical examination, 
resting electrocardiogram, pulmonary function test, 
and chest radiograph. With the exceptions noted 
below, the series included all patients referred be- 
tween 1 September 1982 and 30 June 1983 who met 
the following criteria: age 30—65 years; no evidence of 
previous myocardial infarction defined as a hospital 
diagnosis of infarction or the presence of significant Q 
waves on the resting electrocardiogram; no evidence 
of congestive heart failure or valvar heart disease; no 
arterial hypertension; normal standard chest radio- 
graphs; regular sinus rhythm; stable angina allowing 
the withdrawal of all medications except for short act- 
ing nitrates one week before exercise stress testing; 
normal routine pulmonary function test; and no pre- 
vious coronary angiography or bypass graft surgery. 
Exercise stress testing and coronary angiography were 
carried out within two months (35 (19) days) of each 
other without an episode or change in the resting elec- 
trocardiogram suggesting an intervening coronary 
event. Informed written consent was obtained. 


CLINICAL CLASSIFICATION OF CHEST PAIN 
Patients were classified on the basis of their presenting 
symptoms at the time of admission before exercise 
testing? as having (a) typical angina if substernal chest 
discomfort precipitated by exercise and relieved by 
rest or glyceryl trinitrate within 10 minutes was pres- 
ent; (b) atypical angina if only two of the above fea- 
tures were present; or (c) non-anginal chest pain if 
only one or none of the above features was present. 


RADIONUCLIDE AND HAEMODYNAMIC DATA 
ACQUISITION 

Patients were instructed to stop taking all medications 
one week before the study. They were allowed to take 
only sublingual glyceryl trinitrate as necessary up 
until six hours before stress testing. They were famil- 
lar with. supine bicycle exercise testing from a previ- 
ous practice run.? Two hours before the radionuclide 
study supine exercise was carried out with an electri- 
cal braked bicycle ergometer to determine the 
maximum workload. The initial workload was 25 W, 
which was increased by 25 W increments every 
minute until a symptom limited maximum (chest 
pain, shortness of breath, fatigue) was reached. А six 
lead electrocardiogram (I, III, aVF, V4—6), blood 
pressure, and symptoms were recorded at rest and at 
one minute intervals during exercise. The ST segment 
response was considered to be positive if at least ] mm 
flat or downsloping ST depression persisted 0-08 s 
after the J point in three consecutive cardiac cycles 
immediately after stopping exercise. The electrocar- 
diogram was considered to be non-diagnostic in 
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patients with bundle branch block. 

In the nuclear imaging laboratory a flow guided 
open ended catheter (Flexo-Pulmocath (Grandjean), 
Intra Co, Saarbruecken, West Germany) was inserted 
into an antecubital vein and advanced into the pulmo- 
nary artery. Its position was verified by continuous 
pressure monitoring. Pressures were measured with a 
P23 Statham strain gauge from a reference level 5 cm 
below the sternal angle. They were averaged over 10 
cardiac cycles at rest and during the fourth minute of 
the maximum workload. Electrocardiogram gated 
blood pool imaging of the heart was performed after 
in vivo labelling of red blood cells with 20 mCi (740 
MBq) of technetium-99m. Patients were imaged in 
the left anterior oblique position which provided 
optimal ventricular separation on the storage oscillo- 
scope. The scintillation camera was tilted to an angle 
of 15° caudally. This standard scintillation camera 
(LEM Scintillation Camera, Siemens Inc, Munich, 
West Germany) was equipped with a high sensitivity 
all purpose parallel hole collimator interfaced to a 
dedicated medical computer system (Digital Equip- 
ment Corporation, Maynard, Mass, USA). The image 
data were acquired in frame mode with 32 
frames spanning the cardiac cycle. They were format- 
ted into a 32X32 matrix. The pixel area was 6x6 
mm?. On completion of the resting study supine 
bicycle exercise was carried out as described above. 
Patient movement was minimised by the use of hand- 
grips, shoulder restraints, and foam wedges. When 
the previously determined maximum workload was 
reached the patient was asked to continue exercising. 
Imaging started two minutes after the maximum 
workload was begun to ensure a relative steady state 
and continued until approximately 100 000 counts per 
frame were obtained (2-3 minutes). The occurrence 
of exercise induced pain suggesting angina was noted. 


LEFT HEART CATHETERISATION 

Each patient underwent biplane radio-opaque ven- 
triculography in the 30° right anterior oblique and the 
60° left anterior oblique position. Selective coronary 
angiograms were obtained in multiple projections by 
Judkins’s method. Coronary artery disease was 
diagnosed if at least one major coronary artery had a 
lesion occluding >75% of the lumen.!? The angio- 
grams were interpreted by three observers. Disag- 
reements were resolved by joint discussion. 


RADIONUCLIDE DATA PROCESSING 

The left ventricular ejection fraction was determined 
from the background corrected time-activity curve as 
previously described.!! Briefly, the left ventricular 
regions of interest were manually outlined on the end 
systolic and end diastolic frames. Background activity 
was derived from a crescent shaped region adjacent to 
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Table 1 Clinical characteristics and angiographic data in 56 
consecutive patients evaluated for chest pain. Figures are 
numbers of patients unless stated otherwise 


Normal coronary Coronary artery 


angiogram disease 
(n=42) (n=14) 
Mean (SD) age (yr) 49 (7) 49 (7) 
Male 29 2 
Female 13 2 
History of: 
Typical angina 9 10 
Atypical angina 16 2 
Non-anginal chest pain 17 2 
Coronary anatomy: 
Normal 42 0 
One vessel disease 0 4 
Two vessel disease 0 4 
Three vessel disease 0 6 
Subsequent operation 0 10 





the inferolateral border of the end diastolic left ven- 
tricular outline. For the assessment of regional wall 
motion the left ventricular end diastolic cavitary 
silhouette was divided into eight segments by axes 
passing through its geometric centre at 45? to each 
other. The phase and the amplitude of the first 
Fourier coefficient were determined for each segment 
using a normalising procedure which set the mean left 
ventricular amplitude of each study at unity.!? The 
standard deviation of phases was calculated for each 
study. This value was regarded as an index of syn- 
chronicity of left ventricular wall motion. It provides 
a diagnostic accuracy equivalent to that obtained with 
the use of phase distribution histograms of the indi- 
vidual left ventricular pixels. Finally, each study was 
visually assessed in an endless loop cine format by two 
experienced observers who were unaware of any 
clinical or angiographic data and was classified as 
normal or abnormal. No borderline category was 


permitted. Ап image was considered to be abnormal if ' 


regional wall motion abnormalities appeared or in- 
creased in severity during exercise. In the case of dis- 
agreement the image was re-examined and a con- 
sensus obtained. Patients with bundle branch block 
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were excluded from the visual interpretation and the 
Fourier analysis. 


STATISTICS 

Values are expressed as mean (1 standard deviation). 
Only non-parametric procedures were used since 
some of the characteristics had non-Gaussian distribu- 
tions. Individual changes in measurements from rest 
to exercise were compared by the Wilcoxon matched 
pairs signed rank test. The Mann-Whitney test was 
used for analysing intergroup differences. The beta 
function was used to illustrate the frequency distribu- 
tions of the left ventricular ejection fractions. !3 


Results 


PATIENT CHARACTERISTICS 

Seventy three patients met the criteria for entering the 
study. Of these, 17 were excluded from the analysis: 
five patients refused coronary angiography; one had 
an acute myocardial infarction before angiography; in 
three the pulmonary artery pressures during exercise 
could not be determined; one had a psychoneurotic 
disorder; in four radio-opaque ventriculography 
showed a clinically unrecognised dilative car- 
diomyopathy; and in three the radionuclide study was 
technically inadequate. Table 1 summarises the clini- 
cal and angiographic data of the remaining 56 
patients, only 25% of whom had angiographic evi- 
dence of coronary artery disease. Compared with the 
42 patients with normal coronary angiograms those 
with coronary artery disease had a sex distribution 
consistent with a higher prevalence of coronary artery 
disease. 


RIGHT HEART HAEMODYNAMICS 
Table 2 shows the haemodynamic data. The resting 
diastolic pulmonary artery pressures were consistently 
within normal limits in both groups. The exercise 
induced increase was greater in the group with coro- 
nary artery disease (р<0-01). 

A level of 25 mm Hg, which is similar to the upper 


Table2 Radionuclide and haemodynamic findings at rest and during maximum exercise stress testing in patients with and without 


coronary artery disease (CAD). Values are mean (SD) 








Without CAD (п=42) With CAD (n=14) 

At rest: 

Diastolic pulmonary artery pressure (mm Hg) 9(3) 9 (3) 

Left ventricular ejection fraction (96) 63 (6) 62 (6) 

Standard deviation of phases (°) 5-9 (2-3) 6-4 (2-6) 
During exercise: 

Diastolic pulmonary artery pressure (mm Hg) 24 (7) 30 (9) 

Left ventricular ejection fraction (96) 68 (10) 53 (14) 

Standard deviation of phases (°) 6-2 (2-8) 12:1 (8-1) 

Heart rate (beats/min) 140 (16) 132 (16) 

Rate-pressure product (beats/min х mm Hg х 10-?) 27 (5) 24 (5) 

Exercise tolerance (W) 140 (40) 110 (30) 
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Table 3 Sensitivity, specificity, and predictive accuracy of clinical, electrocardiographic , haemodynamic and radionuclide findings. 








Values are percentages 

Test Sensitivity Specificity PA(+) PA(-) 
Clinical assessment of chest pain* 86 40 32 89 
Exercise electrocardiography] t 7 79 55 88 
Right heart haemodynamicst 78 59 39 89 
<5% increase in LVEF 78 57 38 89 
Fourier analysis of regional wall motiont 64 84 60 86 
Visual interpretation of radionuclide studiest 57 95 80 86 





*Typical or atypical angina vs non-anginal chest pain. 


ta diàstolic pulmonary pressure of >25 mm Hg and an ST segment depression of at least 1 mm are required for test positivity. 


Patients with bundle branch block are excluded. 


LVEF, left ventricular ejection fraction; PA(+), predictive accuracy of a positive result; PA(—), predictive accuracy of a negative result. 


limit of normal during exercise in healthy men aged 
61-83 years,!^ has been used in this laboratory to dis- 
criminate between positive and negative test res- 
ponses. In this study this threshold value was 
diagnostically more accurate than а level of 
20 mm Hg. Forty one per cent of the subjects with 
normal angiograms had pressures exceeding the 
normal range. 


ELECTROCARDIOGRAPHY 

The electrocardiogram was non-diagnostic in four 
patients, none of whom had coronary artery disease. 
Ten subjects failed to achieve at least 8596 of their age 
related maximum heart rates without showing a 
significant ST depression and thus had unreliable 
though negative electrocardiograms. One of them was 
referred for coronary artery bypass surgery. 


Rest 


Exercise 


10 


© 





Relative frequency 
5 





10 0 
Ejection fraction 


10 


Figure Frequency distribution curves of the left ventricular 
ejection fractions as evaluated by the beta function in patients (a) 
with and (b) without coronary artery disease during rest and 
exercise. : 


CLINICAL ASSESSMENT OF CHEST PAIN 

The predictive accuracy of the clinical assessment of 
chest pain compared favourably with that provided by 
non-invasive testing (Table 3). Typical angina, used 
as a separate criterion, yielded 71% sensitivity and 
78% specificity. Although exertional chest pain was a 
feature of the history in most patients only 14% of 
those without but 78% of those with coronary artery 
disease had chest pain suggesting angina during exer- 
cise stress testing. 


RADIONUCLIDE FINDINGS 

As shown in the Figure the frequency distribution of 
the resting left ventricular ejection fraction was not 
significantly different in patients with and without 
coronary artery disease. The mean left ventricular 
ejection fraction increased from rest to exercise in the 
group with normal coronary angiograms. The group 
with coronary artery disease had a mean decrease in 
left ventricular ejection fraction during exercise. The 
individual variation was large. 

The values for the standard deviation of phases, 
which are shown in Table 2, showed a tendency to 
increase with exercise in the group with normal 
angiograms (p<0-05). The upper limits of normal 
were calculated from these values as the mean plus 
two standard deviations.!! They were 10-5? at rest and 
11:8? during exercise. If the latter was used as the 
diagnostic criterion only 4396 of the group with coro- 
nary artery disease showed an abnormal phase dis- 
tribution with exercise. All these patients were 
classified as having typical angina and experienced 
chest pain characteristic of angina during exercise 
stress testing. Phase analysis failed to detect coronary 
artery disease in any of the group with coronary artery 
disease who had atypical angina or non-anginal chest 
pain according to the clinical classification even if the 
threshold value for test positivity was lowered to the 
mean plus one standard deviation. 

The lower limit of a normal amplitude during exer- 
cise was calculated for each segment from the patients 
with normal coronary angiograms as the mean relative 
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amplitude minus two standard deviations. An abnor- 
mal left ventricular amplitude distribution was consi- 
dered to be present if at least one myocardial segment 
showed an amplitude below this threshold level. The 
presence of an abnormal amplitude pattern during 
exercise proved to be more sensitive (57% vs 43%) but 
less specific (89% vs 95%) for coronary artery disease 
than an abnormal phase distribution. If an abnormal 
phase distribution or at least one abnormal segmental 
Fourier amplitude is regarded as indicating coronary 
artery disease the specificity is reduced to 84% and the 
sensitivity increased to 64% (Table 3). No significant 
additional diagnostic accuracy was obtained with the 
Fourier analysis compared with the visual interpreta- 
tion by two experienced observers. The last approach 
yielded a fairly high specificity (95%) but proved to be 
insensitive (57%) in detecting coronary artery disease. 
The diagnostic accuracy of the conventionally used 
criterion that normal subjects have a =5% increase in 
left ventricular ejection fraction during exercise was 
almost identical to that of the evaluation of right heart 
haemodynamics during exercise. 


SEX DIFFERENCES 

Only two women had coronary artery disease. In the 
remaining 13 women the haemodynamic and 
radionuclide responses to exercise were not 
significantly different from those of the men with 
normal coronary angiograms. 


Discussion 


The results of this study reflect wide variations in the 
left ventricular ejection fraction during exercise in 
patients with coronary artery disease. This fact, which 
confirms the findings of Gibbons et al,5 should not be 
surprising since a multitude of factors will interrelate 
to determine this complex variable. The resulting 
poor predictive power of the ejection fraction 
response to exercise indicates that the assessment of 
global left ventricular function cannot be relied on to 
predict the presence of coronary artery disease with 
acceptable accuracy. The Fourier analysis, as intro- 
duced by Geffers et al,!5 offers a means of objectively 
evaluating the regions of dyskinesia, which are con- 
sidered to be a distinguishing feature of coronary 
artery disease.!$!7 The left ventricular phase dis- 
tribution with exercise was recently suggested to be a 
highly sensitive and specific marker of regional myo- 
cardial ischaemia that was slightly superior to the 
visual interpretation of regional wall motion.!! In this 
study, however, Fourier analysis as well as visual 
interpretation failed to detect coronary artery disease 
in three out of 10 patients who were referred for cor- 
onary artery bypass surgery on the basis of their 
angiographic findings. Two of these subjects were 
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classified as having typical angina and had positive 
exercise electrocardiograms. One patient had two 
vessel disease with a 9096 stenosis of the left circum- 
flex artery and an occlusion of the right coronary 
artery with poor retrograde filling from the left cir- 
cumflex artery. This patient had no significant 
increase in left ventricular ejection fraction and 
normal pulmonary artery pressures during exercise. 
The second patient also had two vessel disease with an 
8096 stenosis of the left anterior descending artery and 
an occlusion of the right coronary artery with poor 
retrograde filling from the left anterior descending 
artery. This patient had a normal ejection fraction 
response but raised pulmonary artery pressures 
during exercise. The third patient had an occlusion of 
the left anterior descending artery with fair retrograde 
filling from the right coronary artery. This patient had 
an entirely normal ejection fraction and pulmonary 
artery pressure response to exercise but failed to 
achieve 8596 of the maximum predicted heart rate 
owing to severe angina without showing significant 
ST segment depression. Thus radionuclide ventri- 
culography falls short of the demands for sensitivity 
that a screening test for coronary artery disease should 
satisfy. This finding requires careful scrutiny since it 
is at variance with a large number of previous 
reports.! ^? 

In our study exercise was performed supine. It is 
well known that there are important physiological dif- 
ferences in the results of supine and upright exercise 
tests. Upright and supine radionuclide studies are, 
however, equally effective in detecting coronary 
artery disease.!5 19 Patients were encouraged to exer- 
cise to a maximum. Patient movement and gating 
artefacts at maximum workload may produce less 
accurate radionuclide measurements. For optimum 
sensitivity, however, exercise stress testing must be 
carried out to maximum effort. А submaximal test 
may miss up to 5096 of the ischaemic responses that 
could be elicited by performing the test to maximum 
effort.2° The radionuclide studies were technically 
adequate in all patients included in the final analysis. 
Previous reports indicate that a standardised exercise 
protocol for radionuclide ventriculography does not 
exist. To prevent non-cardiac symptoms such as 
muscle weakness or internal heat burden from 
terminating exercise we used an exercise protocol with 
stages of only one minute in duration. À similar pro- 
tocol was used by Christopher et al.?! We conclude 
that a relative circulatory steady state did exist during 
radionuclide data acquisition at maximum workload 
since no significant change occurred in heart rate, 
blood pressure, or pulmonary artery pressure from 
the start of image collection until its end. 

Stress testing does not detect anatomical lesions but 
reflects exercise induced abnormalities that are usu- 
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ally linked to an imbalance of oxygen supply and 
demand. А decrease in ejection fraction or an increase 
in the filling pressures may indicate functional 
impairment, but they are not specific for angiographi- 
cally visible coronary artery disease. A normal angio- 
gram does not necessarily imply normal function and 
vice versa. Thaulow et al found an abnormal ejection 
fraction response to exercise in a significant number of 
patients with normal coronary angiograms and angi- 
nal chest pain or positive exercise electrocardio- 
grams.?? They presumed that the abnormal radio- 
nuclide findings reflected heart muscle disease at an 
early stage. We suppose that many of our patients 
with patent vessels probably also had unidentifiable 
cardiac disease associated with abnormal function. 
This population was therefore considerably different 
from groups of healthy asymptomatic volunteers who 
are frequently studied to establish the range of the 
normal response to exercise.! 23 24 The application of 
diagnostic criteria derived under such biased con- 
ditions to the routine patient with chest pain will 
inevitably be misleading. These criteria have to be 
defined and validated in a study group that is rep- 
resentative of the population encountered in such a 
clinical setting. Though five subjects who refused 
coronary angiography had to be excluded, we are 
convinced that the remaining patients were repre- 
sentative in terms of prevalence, symptoms, age, and 
sex distribution of those seen in a major diagnostic 
centre. A pretest or post-test referral bias? was 
avoided. We proceeded to angiography in each patient 
regardless of whether or not the non-invasive tests 
were positive. We presume that the fulfilment of this 
prerequisite for an accurate evaluation of test sen- 
sitivity and specificity? was a major reason why 
radionuclide ventriculography was found to be less 
reliable than previously reported. Numerous reports 
have included patients with a history of myocardial 
infarction,!!2326 which improves the sensitivity 
values. The rationale for excluding these subjects was 
that we considered it invalid to apply a test for 
determining whether or not coronary artery disease is 
present to a patient with documented coronary artery 
disease. 

Except for short acting nitrates all medications were 
withdrawn one week before stress testing to ensure 
complete recovery from the effects of any cardioactive 
agent. Previous work has suggested that beta block- 
ade improves exercise induced global and regional left 
ventricular dysfunction in subjects with coronary 
artery disease.27 Battler et al reported a mean increase 
in exercise left ventricular ejection fraction of 22% 
with propranolol above that during the same exercise 
test without beta blockade.?8 Jones et al found that 
excluding patients receiving propranolol from the 
study group produced a considerable increase in sen- 
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sitivity.2? These data show that the results of studies 
that include patients receiving beta adrenergic block- 
ade® 1! 30 are of questionable value. The relatively 
high sensitivity and specificity of the clinical assess- 
ment of chest pain in our study agree with those 
reported by others.?! 32 The limited predictive power 
of the ST segment response to exercise is also consis- 
tent with previous findings.?? 34 

The increase in the left ventricular diastolic pres- 
sure with exercise has been well documented in 
patients with coronary artery disease.35~37 In the 
absence of clinical, laboratory, and radiological evi- 
dence of pulmonary or mitral valve disease the pul- 
monary artery diastolic pressure was used to reflect 
the left ventricular filling  pressure.!4383? Our 
findings indicate that the diagnosis of coronary artery 
disease cannot be excluded even if the threshold value 
for the positivity of the diastolic pulmonary artery 
pressure measurement is lowered to only 20 mm Hg. 
Two patients who were referred for bypass surgery 
would not have been diagnosed as having coronary 
artery disease if the assessment of right heart 
haemodynamics had been the criterion for proceeding 
to angiography. The disturbingly low specificity of 
this procedure is a serious limitation to its use as a 
screening method for coronary artery disease. Why 
many of our patients with normal coronary angio- 
grams had a pronounced increase in diastolic pulmo- 
nary artery pressure to clearly abnormal values is still 
unclear. А diminished left ventricular compliance 
secondary to arterial hypertension cannot account for 
this finding, since subjects with this problem were 
excluded from the study. This study was not designed 
to establish the reason for abnormal radionuclide and 
haemodynamic responses to exercise in patients with 
normal angiograms. The responses do indicate, how- 
ever, that the group of patients with normal coronary 
angiograms probably included a considerable number 
of patients with non-coronary heart disease. Such a 
group should therefore not be referred to as normal. 

Our findings show that a direct move from clinical 
judgment to angiography is mandatory in patients 
classified as having typical angina, since non-invasive 
testing would only marginally alter the high pretest 
probability of coronary artery disease in these sub- 
jects. Bayes's theorem implies that screening proce- 
dures make their major diagnostic contribution when 
applied to the difficult group of patients with an 
intermediate level of disease prevalence.*9^! In this 
study, however, the predictive power of all the screen- 
ing procedures used was substantially limited. To 
compensate for this finding a combination of screen- 
ing tests might be advocated. As a reflection of the 
relatively high false positive and false negative rates 
serial testing frequently provides contradictory results 
and thus does not appreciably modify the clinical 
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estimate of disease prevalence. 

Radionuclide ventriculography is valuable in asses- 
sing surgical and medical treatment. Because of our 
findings, however, we do not recommend its use in 
the non-invasive testing of patients with chest pain 
that might be of ischaemic origin. In the primary 
diagnosis of coronary artery disease this technique 
supplies little more information than.that provided by 
the clinical judgment of chest pain. 
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Indirect measurement of blood pressure during exercise 
testing can be misleading 


BRIAN A GOULD,* ROBERT S HORNUNG,+ DOUGLAS G ALTMAN, 
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Statistics, Northwick Park Hospital and Clinical Research Centre, Harrow, Middlesex 


SUMMARY Indirect blood pressures recorded with a.random zero sphygmomanometer were com- 
pared with simultaneous intra-arterial blood pressures recorded with the Oxford system. Twenty 
five patients undertook a graded bicycle exercise test, cycling at workloads increasing from 41, 65, 
114, and 163 W (250 to 400, 700, and 1000 kpm per min) with each grade being maintained for three 
minutes unless the exercise test was terminated earlier at the point of fatigue. Intra-arterial pressures 
were recorded continuously and indirect measurements made at steady state levels in the 30 seconds 
before each change in grade and immediately after the termination of the exercise protocol. The 
mean difference in systolic blood pressure at 5-5 minutes of exercise showed that the indirect 
measurement underestimated the direct measurement. Immediately after the termination of exercise. 
the blood pressure fell precipitiously to a highly-significant degree. For both systolic and diastolic 
pressures there was considerably individual variability. 

These data confirm that indirect methods of blood pressure measurement during dynamic exer- 


cise testing are inaccurate and may provide misleading information. 


Blood pressure is a continuous physiological variable, 
with considerable changes from beat to beat and 
minute to minute in response to numerous influences 
` both external and internal to the individual. Single 
recordings using the indirect technique (mercury in 
glass manometer, arm cuff, and Korotkoff sounds) 
can provide only a rough estimate of the true values, 
although the degree of accuracy can be improved by 
taking the mean of repeated measurements.! 2 Com- 
parisons of direct and indirect гесһпідиеѕ3 6 have 
shown that considerable discrepancies can occur even 
when recording conditions are ideal. Indirect meas- 
urements in the exercising subject are likely to be 
even more inaccurate because of the movement of the 


subject, the high level of extraneous noise, and Ше. 


likelihood of increased variability induced by the 
increasing respiratory effort, yet most of the available 
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. information on the blood pressure response during 
-exercise has been collected in this way. ? Some 
"Workers? ?!? have attempted to improve their accu- 


racy by recording the blood pressure immediately 
after the cessation of exercise, but intra-arterial 
recording has shown that the blood pressure falls very 
rapidly at this time and may return to the baseline 
levels within 30 seconds (Fig. 1).!! 12 

We report here the results of a formal-comparison 


. of direct and indirect recordings obtained at different 


grades of exercise and in the immediate postexercise 
period. | 


Patients and methods 


Twenty five patients were recruited from the Harrow 
Hypertension Clinic; 11 were taking no medication 
and 14 were receiving antihypertensive treatment (10 
patients were taking beta adrenoceptor blockers, of 
whom three were also taking prazosin, while the 
remaining four patients were taking prazosin alone). 
Тһе group consisted 0#19 men and six women with a 
mean age of 49 (ránge 23—66) years. АП patients had a 
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Fig. 1 Jntra-arterial recording of one patient during bicycle 
exercise testing. 


diagnosis of essential hypertension, having undergone 
routine testing to exclude secondary causes. 


BLOOD PRESSURE RECORDING 
Since indirect blood pressure was recorded from the 
dominant arm and direct pressure from the non- 
dominant arm the pressures in the two arms were 
assessed independently by two observers using a ran- 
dom zero manometer attached by a Y tube to two 
cuffs. The cuffs were then interchanged and further 
measurements taken. The procedure was then re- 
peated with the observers changing arms. The rela- 
tion of arm circumference was also assessed and found 
not to influence the data (manuscript in preparation). 
Each subject then underwent  intra-arterial 
ambulatory blood pressure monitoring, a technique 
which has been fully described and evaluated else- 
where.'*~ 'S Patients attended hospital in the morn- 
ing, before 1100, for percutaneous insertion of the 
intra-arterial cannula into the brachial artery of the 
non-dominant arm. The blood pressure signal was 
measured with the Stott transducer-perfusion system 
and recorded on a Medilog I tape recorder (Oxford 
Medical Systems). This system has previously been 
validated and found to have a frequency response flat 
to 8 Hz,'* as well as being accurate in comparison 
with a Millar tipped catheter at varying heart rate.!* 


EXERCISE TEST 

After insertion of the cannula, each patient undertook 
a bicycle exercise test using an Elema (type 369) 
bicycle. They were requested to cycle at workloads 
increasing from 40-8, 65-2, 114, and 163 W (250, 400, 
700, and 1000 kpm per min), each grade being main- 
tained for three minutes or terminated earlier at the 
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point of fatigue. The tests were carried out under 
standardised conditions with a constant laboratory 
temperature and at approximately the same time in 
the morning. Indirect blood pressures were recorded 
by one of two physicians in the last 30 seconds of each 
grade of exercise and immediately after exercise was 
stopped using a Hawksley random zero sphyg- 
momanometer.'® For diastolic measurements Korot- 
koff phase V was used. The exact time the pressure 
was recorded was marked on the intra-arterial tape 
using an electrical event marker. 

The indirect pressure was recorded from the 
dominant arm of each patient, which was extended 
over the handle bars, and supported by the observing 
physician and was at the same level as the intra- 
arterial blood pressure transducer. The intra-arterial 
system was calibrated within 5 minutes of the exercise 
test. 


DATA ANALYSIS 

The tapes were replayed on a linear direct writing 
recorder (Watanabe) to check the signal quality and 
identify the event marks. A purpose built hybrid 
computer!’ was used to digitise a half minute mean 
blood pressure corresponding to each electrical event 
mark. It was not possible to identify the exact direct 
beats corresponding to the indirect systolic and dias- 
tolic pressures, so we used the mean blood pressure 
over the 30 seconds during which the indirect pres- 
sure was recorded. This has been shown to agree 
closely with single systolic and diastolic beats.!* Fig- 
ure | shows the rapid reduction of the blood pressure. 
In addition to this rapid fall in blood pressure there 
were fluctuations in pressure due to respiration, vas- 
omotor activity, and other reflex activity. The only 
way this problem could be overcome would be to have 
an event made at the instants the cuff systolic and 
diastolic sounds were detected, so that a true beat by 
beat comparison could be made. Mistiming of the 
exact beat may lead to a significant error. We consi- 
dered that the risk of mistiming estimating the exact 
beats was substantial and preferred the 30 second 
mean intra-arterial pressure. 

The mean and standard deviation for each meas- 
urement were calculated as well as the mean differ- 
ence (discrepancy) and the standard deviation and 
frequency distribution of between method differ- 
ences, which were plotted in addition to a scatter 
plot.!? Paired г tests were used to assess the mean 
differences between pairs of readings. 

Numerous comparisons of resting indirect and 
direct arterial blood pressure measurements have 
been reported, * but it was not our intention to 
repeat this work. Resting indirect blood pressure 
measurements were not made routinely, but 12 
patients did have resting indirect and direct arterial 
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Table 1 Mean discrepancy values in blood pressure measured by indirect and direct methods during dynamic bicycle exercise 
SE NE 








Exercise time Recording Blood pressure (mm Hg) Heart rate 
metho 
Mean SD n Mean difference SD of differences t value. p value Mean SD 
between methods 
Systolic pressure 
Exercise (min) 
At 2-5 Indirect 181 294 25 —15 13: `.8 0-001 90 17-0 
Direct 196 33-6 
At 5-5 Indirect 188 36.5 25 —16 15-2 5-3 0-001 102 20:7 
Direct 204 38.3 
At 8-5 Indirect 200 35-1 13 —15 12:3 42 0-001 123 268 
Direct 215 36-9 ; 
After Indirect 200 37.8 25 —18 18-5 48 0-001 114 32.0 
Direct 217 414 
Diastolic pressure 
Exercise (min): 
At 2:5 Indirect 114 19-6 25 4 141 1-2 0-2 
Direct 110 172 
At 5:5 Indirect 11 21:0 25 -2 12-9 0.9 0-5 
Direct 113 18.3 
At 8-5 Indirect 114 23-2 12 2 9-6 0:5 0-5 


After 


blood pressures compared at a similar time to the 
above study. These data have been used to compare 
the mean difference between the two techniques of 
blood pressure measurement at rest and during exer- 
cise. Replicated (that is, repeated) resting mean dif- 
ferences were obtained and an analysis of variance 
undertaken from which a pooled estimate of the mean 
difference and standard deviation was obtained. This 
was used to compare the mean differences between 
indirect and direct at rest, after 2-5, 5-5, and 8-5 
minutes of exercise, and on cessation of exercise. ' 
The intersubject variability was tested by calculat- 
ing the variance ratio (F test), and paired t tests were 
used to compare the mean differences of average rest- 
ing clinic blood pressure and intra-arterial blood pres- 
sure with those after 2:5 and 5-5 minutes of exercise. 


Results 


No significant differences were found between the left 
and right arm blood pressures of these patients with a 
mean difference of «1 mm Hg and standard errors of 
0-69/0-45 mm Hg. 


COMPARISON OF INDIRECT AND DIRECT BLOOD 
PRESSURE 

Table 1 summarises the detailed results for 2-5, 5-5, 
and 8-5 minutes and postpeak exercise. Since these 
were similar, only plots for 2-5 minutes of exercise 
and postpeak exercise are included in Fig. 2 (the lines 
are the lines of identity). The overall trend was the 
same for each stage; indirect systolic pressures grossly 
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underestimated intra-arterial pressure, but the dias- 
tolic pressures were similar with both techniques. For 
both systolic and diastolic pressures there was consid- 
erable individual variability. 


COMPARISON OF CLINICINTRA-ARTERIAL BLOOD 
PRESSURE DIFFERENCES AT REST AND DURING 
EXERCISE 

The replicated readings of resting blood pressure dif- 
ferences between indirect and direct recordings were 
subjected to an analysis of variance. The mean differ- 
ences and standard deviations were calculated for the 
12 patients who had resting indirect and direct blood 
pressures (Table 2). Analysis of the intersubject 
variability at rest compared with exercise (Table 2) 
showed that the trend was towards wider differences 
and greater variability of the indirect method in rela- 
tion to intra-arterial blood pressures during exercise 
compared with at rest. 


Discussion 


Despite the well known fluctuation of the blood pres- 
sure with exercise, measurement of rapidly changing 
blood pressure using the standard indirect technique 
has been subjected to only limited critical validation. 
Under conditions of quiet supine rest the indirect cuff 
method compared with intra-arterial pressure has 
shown a wide range of differences," 6 and this discre- 
pancy might be expected to get worse when measure- 
ments are attempted during strenuous exercise. Apart 
from the obvious physical difficulties of recording 
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Fig.2 Scatter plot and frequency histograms comparing indirect and intra-arterial blood pressures (a) at 2:5 minutes of exercise and 
(b) immediately after the end of exercise (postpeak). (a) 28% of systolic and 44% of diastolic indirect blood pressures and (b) 24% of 
systolic and 36% of diastolic indirect blood pressures were within 10 mm Hg of the intra-arterial blood pressures recorded. 


indirect measurements during exercise, it is known 
that physiological changes in the cardiovascular sys- 
tem take place which may well affect the physical 
characteristics of the brachial artery and hence the 
intrinsic accuracy of the indirect technique. 

The present study has confirmed the very rapid fall 
in blood pressure on cessation of exercise and has 


shown that during exercise the indirect systolic pres- 
sures consistently and significantly underestimate the + 
intra-arterial pressures. The mean difference, ranging 
from 15 to 18 mm Hg, was slightly greater than previ- 
ously reported in a similar comparison at rest when 


. the mean difference was found to be 12 mm Hg.!? 


The mean discrepancy for diastolic pressures was 


Table 2 Analysis of blood pressure data recorded by indirect and direct methods at rest, at 2:5, 5-5, and 8:5 minutes of exercise , and after exercise 
е 











Blood Mean (SD) difference between methods Statistical comparisons 
pressure - : 
Rest* 2:5 55 8:5 Postpeak 2-5 vs rest 5-5 vs rest Postpeak vs 
rest 
uo Fi р оор Ft p FE р 
value v value value С value 
Systolic — 0-8 (12:2) —167 (151) —16-5 (188) —15:0 (14:0)  -168(123) 3-13 001 152 0:50 246 003 236 017 102 0-98 
. . (=12) (n=12 (n= 12) n= (n=12) 
Diastolic — 11-3 (9-0) 2-4 (18:4) —4-8 (14-8)  —5-8 (44) —157(121) 140 0.19 415 0.03 281 0-02 269 0.312 1-80 0:35 
(п= 12) (п= 12) (п= 12) (n=6) (n= 12) 


*From analysis of variance using two or three observations per subject. 


{Paired t test comparing differences in blood pressure using indirect and direct methods. 
+Two sided-F test comparing intersubject variability in différences in blood pressüre with two methods- 
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not as large as that for systolic pressures, individual 
differences ranging from —14 to +4 mm Hg. The 
indirect diastolic pressures were approximately the 
same on average as direct pressures at 2-5, 5-5, and 8-5 
minutes of exercise, although there was considerable 
variation for individual subjects. 

The large discrepancies (mean —18/—14 mm Hg) 
which were found in the postexercise period can be 
explained by the method of data collection. A single 
indirect pressure was recorded and compared with a 
30 second mean intra-arterial pressure recorded while 
the indirect pressure was measured. Since intra- 
arterial pressures at the end of exercise fall rapidly this 
mean was taken on a downward pressure slope. 
Workers using the postexercise pressure with the 
indirect technique have the same problem, and it 
would seem to be impossible to measure the blood 
pressure using a sphygmomanometer at the same 
point of the slope for the same individual on different 
occasions or in different individuals at the same point 
of the falling pressure slope. Comparison of the indi- 
rect and intra-arterial blood pressure mean difference 
at rest and during exercise shows a trend to higher 
systolic mean differences during exercise, and the 
individual differences were more variable. 

These data suggest that it is necessary to perform 
intra-arterial recordings during all exercise tests. For 
clinical purposes this is obviously impracticable, but 
we would advise caution in relying on such measure- 
ments. We recommend using intra-arterial record- 
ings, for research purposes, where blood pressure 
measurements are important. 
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Detection of high risk coronary artery disease by 
thallium imaging 
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SUMMARY One hundred and three patients who underwent coronary arteriography were studied by 
thallium imaging and the results analysed by Bayesian principles to assess the usefulness of semi- 
quantitative stress thallium imaging for predicting the presence or absence of multivessel coronary 
disease. Significant disease was found in 80 patients, of whom 77 had abnormal thallium scans 
(sensitivity 96%). Thallium images were normal in 15 of 23 patients with no significant disease 
(specificity 6596). Multiple thallium segmental defects were found to be 9096 sensitive and 6596 
specific for multivessel coronary artery disease and were present in 8096 of patients with left main 
stem disease and in 9396 of patients with triple vessel disease. A single thallium defect or normal scan 
excluded multivessel, left main, and triple vessel disease with 81%, 94%, and 91% predictive 
accuracy respectively. By Bayesian analysis the predictive accuracy for excluding multivessel disease 
was >90% in patients with a pretest probability of multivessel disease of «4096. Coronary arteriog- 
raphy to exclude multivessel disease is therefore unnecessary in a high proportion of patients with 


known or suspected coronary artery disease. 


The Veterans’ Administration! and European Coro- 
nary Surgery? studies have shown that aortocoronary 
bypass grafting can reduce the mortality in symp- 
tomatic patients with left main stem and triple vessel 
coronary artery disease and also in those with double 
vessel disease, which includes a long proximal left 
anterior descending artery lesion. The Coronary 
Artery Surgery Study confirmed the value of bypass 
grafting for left main disease even in minimally symp- 
tomatic or asymptomatic subjects.? As a result, coro- 
nary arteriography is frequently now performed 
expressly to define the likelihood of a patient's prog- 
nosis being improved by coronary surgery. It cannot, 
however, be performed in all patients with known or 
suspected coronary artery disease, and non-invasive 
methods to identify patients at high risk are needed. 

Stress myocardial perfusion imaging with 
thallium-201 is known to be more accurate than exer- 
cise electrocardiography for predicting the presence 
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and severity of coronary artery діѕеаѕе* 5 and is also 
reported to predict accurately the presence of 
multivessel disease after myocardial infarction.®? 

We studied a population with chest pain or with 
known ischaemic heart disease who were referred for 
evaluation of the presence or severity of coronary 
artery disease. We sought to determine whether exer- 
cise testing and thallium imaging could predict the 
presence of multivessel disease, the prognosis for 
which can be improved by surgical revascularisation. 
Since the usefulness of any test depends on its predic- 
tive accuracy, which in turn depends not only on its 
sensitivity and specificity but also on the prevalence of 
disease in the population under study (Bayes's 
theorem),5 we estimated the predictive accuracy of 
thallium imaging for different levels of disease preval- 
ence. 


Patients and methods 


The study population comprised 103 patients who 
underwent stress testing and thallium scanning within 
90 days of selective arteriography for the diagnosis or 
evaluation of coronary disease. There were 87 men 
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Fig. 1 Diagrammatic representation of the exercise and redistribution myocardial perfusion images as used for reporting the 


thallium-201 scans. 


and 16 women with a mean age of 52-1 (range 35—72) 
years. Patients with valvar or congenital heart disease, 
cardiomyopathy, left bundle branch block, or a 


pacemaker in situ were excluded. Their drug treat- ` 


ment, which was the same at the time of both stress 
tests, consisted of beta blockers in 20, calcium ion 
antagonists in 12, long acting nitrates in eight, digoxin 
in four, and no treatment in 68. 

Fifty four patients had a documented myocardial 
infarction or a pathological Q wave in the resting 
electrocardiogram or both.’ The remainder had no 
evidence of previous infarction. Sixty six (6496, 
including 35 patients with myocardial infarction) had 
typical symptoms of angina. 


EXERCISE ELECTROCARDIOGRAPHY 

Treadmill tests with a symptomatic end point were 
carried out using a modified Chung protocol.!'? Two 
bipolar leads, CM5 (manubrium sterni negative, V5 
position positive) and CC5 (right V5 position nega- 
tive, V5 position positive), were used for electrocar- 
diographic monitoring during and for five minutes 
after exercise. The electrocardiographic signal was 
analysed by a computer (CASE, Marquette Inc) 
which measured the ST segment level digitally. The 
mean ST segment level over a distance equal to one 
eighth of the RR interval (or 80 ms whichever was the 
less), the ST bar, was measured every 12 seconds and 
the digital values stored for recall at the end of the 
test. Án abnormal ST segment response was defined 
as ST bar depression of 0-1 mV absolute and relative 
to the resting value. 


THALLIUM SCINTIGRAPHY 
A treadmill exercise protocol identical to that used for 
exercise electrocardiography was used for stress 


myocardial scintigraphy. At peak exercise 74 MBq of 
thallium-201 was injected via an indwelling venous 
cannula. Exercise was then continued for a further 30 
seconds at a reduced workload. Within 5—10 minutes 
of the end of exercise imaging was performed using a 
Pho-Gamma II (Searle) scintillation camera with a 
high resolution collimator and a 20% window about 
the 80 KeV photo peak of thallium-201. Three 
hundred thousand counts were acquired in the 
anterior, 45° left anterior oblique, and left lateral 
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Fig.2 Relative values of sensitivity and specificity for the 
prediction of the presence, location, and number of diseased 
vessels by segmental analysis of thallium-201 images. IVD, one 
vessel disease, 2VD, two vessel disease; >1VD, multivessel 
disease; LM, left main; LAD, left anterior descending; CX, 
circumflex; CAD, coronary artery disease; RC, right coronary. 
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views. А lead sheet shielded the camera from activity 
due to the abdominal uptake of thallium. Redistribu- 
tion scans were obtained in the same views 3—4 hours 
after exercise. The data were stored on hard disk in a 
64х64 matrix and were analysed by a Gamma 11 
computer (Digital Equipment Corp). 

The exercise and redistribution scans were analysed 
semiquantitatively from the images displayed on the 
cathode ray tube by two 'experienced observers who 
were unaware of the results of other investigations. 
The images were interpolated to a 128X128 matrix, 
30% of the lower threshold was subtracted, and nine 
point smoothing was carried out. A 15 point colour 
scale was used to identify areas with 25% count reduc- 
tion relative to the myocardial area of maximal count 
density, and these areas were defined as abnormal. To 
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detect redistribution of thallium the early and late 
scans were compared side by side. 

To identify the location of perfusion defects the 
thallium images were divided into 12 segments and 
scored as shown in Fig. 1. The following myocardial 
segments were considered to be supplied by the indi- 
vidual major coronary vessels: left anterior 
descending, segments 1, 8, 12; circumflex, 5, 6, 9; 
and right coronary, 3, 4, 7, 10 (Fig. 1). Areas 2 and 
11 were considered non-specific for any coronary ves- 
sel and the scans were reported so as to arrive at the 
least number of vessels that could account for the 
observed defects. 


CORONARY ARTERIOGRAPHY 
The right and left coronary arteries were selectively 
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Fig.3 Bayesian analysis using the sensitivity and specificity 
derived from all 103 patients to estimate the post-test probability 
of (a) multivessel disease, (b) triple vessel disease, and (c) left 
anterior descending and circumflex artery stenosis (including left 
main stem disease) predicted by multiple thalliwn vascular 
territory defects in populations with different pretest probabilities 
(prevalence) of such disease @-—@ represents the probability of 
disease after a positive test —hat is, >1 thallium vascular 
territory defect; O—O represents the probability after a negative 
test—that is , normal thallium image or single thallium segmental 
defect; &—A represents the difference of post-test probability 
between the other two curves (note that the circles and triangles 
represent arbitrary probability values not actual data points); 

= - - represents a test with no discriminative ability and the 
vertical distance of the curves from this straight line is an index of 
the test’s discriminative ability. 
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Table 1 Results of coronary arteriography in 103 patients. 
Figures are numbers of patients 
——MM—— e — 








Myocardial infarction 
Absent Present 
(п=49) (п=54) 
No significant disease 23 0 
Luminal stenosis >70% ` 26 54 
No of diseased vessels: 
1 8 9 
2 7 16 
3 li 29 
Location: 
Left anterior descending artery 22 45 
Circumflex artery 17 44 
Right coronary artery 16 37 
Left main coronary artery and three 1 8 
vessel disease 
Left main coronary artery alone 0 1 
Left anterior descending and circumflex 15 29 
arteries 
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injected by Judkins’s or Sones’s technique. 
Significant disease was defined as =70% stenosis of a 
major coronary vessel or =50% stenosis in the case of 
the left main coronary artery. When significant dis- 
ease was found in a dominant right coronary artery, 
the circumflex artery being rudimentary, or vice 
versa, two vessel disease was considered to be present. 
The arteriograms were reported independently by a 
radiologist and a cardiologist who conferred in cases 
of disagreement. The results of thallium imaging did 
not influence the decision to perform coronary 
arteriography. 


ANALYSIS 

The findings of thallium myocardial scintigraphy and 
stress electrocardiography were compared with the 
results of coronary angiography to determine the 
ability of the non-invasive tests to detect and identify 
the location of significant coronary artery disease. 
Sensitivity was defined as (true positives)/(true 
positives + Ѓаіѕе negatives) and specificity as (true 
negatives)/(true negatives--false positives). Positive 
predictive accuracy is the proportion of positive tests 
and negative predictive accuracy the proportion of 
negative tests that are correct. 

The values of sensitivity and specificity within 
groups were compared by means of McNemar's 
matched pairs test. Between group comparisons of 
sensitivity, specificity, and predictive accuracy were 
performed by the probability of a proportion. Values 
of p« 0-05 were considered to be significant. 


BAYESIAN ANALYSIS 

To be of practical use to clinicians the probability of 
an individual patient having disease in the event of a 
positive and in the event of a negative test must be 
known. According to Bayes's theorem this post-test 
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probability of disease depends on the pretest probabil- 
ity of disease as well as on the test's sensitivity and 
specificity.5 The data from the Coronary Artery 
Surgery Study,!! or other sources, can be used to 
estimate the pretest probability of disease in a given 
patient if the age, sex, and type of symptoms are 
known. It was assumed that the test's sensitivity and 
specificity were independent of disease prevalence.* 
The post-test probability of disease can then be 
derived from the following equations: 
(a) PCH) TT ESL where P( +) is the post-test 
probability of disease when the test is positive; Pre, 
the pretest probability of disease; and L, the likeli- 
hood ratio (sensitivity/(1-specificity)). 
(b) Р( —^RERI-ESXU I-Prox (р where P(—)is the post-test 
probability of disease when the test is negative; and 
U, the unlikelihood ratio (specificity/(1-sensitivity)). 
Using the values of sensitivity and specificity from 
this study P(+) and P(—) were calculated and plotted 
on a vertical axis with the pretest probability, range 
0-100%, on the horizontal axis and the curves so 
obtained are shown in Fig. 2. 


Results 


CORONARY ARTERIOGRAPHY 

Significant coronary narrowing was found in all the 54 
patients with previous myocardial infarction and in 26 
(5396) of those with no evidence of previous infarc- 
tion. Six patients had luminal stenoses of «7096— five 
in three vessels and one in a single vessel—and 17 
patients had no abnormality of the major coronary 
vessels. Table 1 shows the results of arteriography. 


THALLIUM SCINTIGRAPHY 

Figure 3 shows the sensitivity and specificity of thal- 
lium imaging for predicting the presence, location, 
and extent of coronary artery disease. With an ideal 
test for coronary disease all points would lie in the 
upper right hand corner of the graph. Of the 80 
patients with significant coronary disease, 77 had at 
least one myocardial area of diminished (fixed or 
reversible) thallium uptake (sensitivity 96%). The 
thallium images were abnormal in all 54 patients with 
previous myocardial infarction: 17 had fixed defects 
only, 29 had both fixed and reversible defects, and 
eight had reversible defects only. The thallium 
scintigrams were abnormal in eight of the 23 patients 
with no significant coronary disease (specificity 65%) 
(Table 2), none of whom had a previous myocardial 
infarction. Five of these had normal coronary arteries 
and three had non-significant disease. In patients with 
no previous infarction thallium imaging had a sen- 
sitivity of 88%, a specificity of 65%, a positive predic- 
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tive accuracy of 7496, and a negative predictive accu- 
racy of 8396. 

Redistribution of thallium between the early and 
late scans was seen in 55 patients with coronary dis- 
ease. The proportion of those with infarction (37 of 
54) and with no infarction (18 of 26) was the same 
(6996). Redistribution was seen in only three patients 
(with normal coronaries) out of 23 with no significant 
arteriographic disease (specificity 87%). 


Prediction of individual coronary vessel disease 

The sensitivity of segmental thallium uptake defects 
for detecting individual vessel disease was 9196 for 
disease of the right coronary artery compared with 
77% for the left anterior descending artery (p« 0-05) 
and 7696 for the circumflex (p« 0-05 vs right coronary; 
NS vs left anterior descending) (Fig. 3). The 
specificity of segmental thallium defects was 8896 for 
circumflex disease, 6996 for the left anterior descend- 
ing (p<0-05), and 50% for the right coronary (p« 0-01 
vs circumflex). The specificity of left anterior descend- 
ing and right coronary defects did not differ 
significantly. 

In patients with single vessel disease the values of 
sensitivity and specificity for each coronary vessel 
were: left anterior descending, 10/11 (9196) and 1/6 
(1796); circumflex, 1/2 (5096) and 10/15 (6796); and 
right coronary, 3/4 (75%) and 3/13 (23%) respectively. 


Prediction of the number of diseased vessels 

Table 2 shows the numbers of patients having one, 
two, or three thallium vascular segmental defects and 
their arteriographic classification. А minority of 
patients in each arteriographic group was correctly 
classified by thallium imaging. As plotted in Fig. 3, 
the specificity of thallium prediction for one and three 
vessel disease was high, but for two vessel disease it 
had no useful predictive ability. Eight of the 10 
patients with single vessel disease but multiple thal- 
lium segmental defects had «7096 stenoses in at least 
one other major coronary vessel. 


Left main stem disease 
Nine of the 10 patients with left main coronary artery 


O'Hara, Lahiri, Whittington, Crawley, Raftery 


disease had triple vessel disease in addition. Three of 
these were correctly identified by thallium defects in 
three coronary vessel regions (sensitivity 30%, Fig. 3). 
A further three had defects in the territories of the left 
anterior descending and right coronary: one had cir- 
cumflex and right coronary defects, one an isolated 
right coronary defect, and one a normal thallium scan. 
One patient with previous infarction had isolated left 
main stem disease and had thallium defects in the 
territories of the left anterior descending and right 
coronary arteries. 

Fifty four patients had left main coronary artery 
disease or combined disease in the left anterior 
descending and circumflex arteries. Twenty nine of 
these had thallium uptake defects in the correspond- 
ing myocardial segments (sensitivity 54%). The 
specificity of combined left anterior descending and 
circumflex defects was 42/49 (8696). The positive and 
negative predictive accuracies were 81% and 63% 
respectively. 


Multiple segmental thallium defects and multivessel 
disease 

Using the criterion of thallium defects in more than 
one vascular territory the sensitivity for detecting high 
risk coronary disease was high, but the specificity was . 
moderate (Table 3). Of 18 patients with normal thal- 
lium images, only one had multivessel (left main stem 
and triple vessel) disease— that is, the predictive accu- 
racy of a normal scan for the absence of multivessel 
disease was 17/18 (94%). 


EXERCISE ELECTROCARDIOGRAPHY 

The sensitivity and specificity of 0-1 mV ST segment 
depression for detecting coronary artery disease in 
patients with no previous infarction were 18/26 (69%) 
and 15/23 (65%) respectively (both NS vs thallium 
imaging). The sensitivity of ST segment depression 
for the detection of multivessel disease was 62%, for 
three vessel disease 60%, and for left main disease 
50%. Thus in this study two lead stress testing was no 


.more sensitive for detecting serious multivessel 


disease than for detecting coronary artery disease in 
general. 


Table 2 Prediction of number of diseased coronary vessels by thallium imaging. Figures are numbers of patients 








No of diseased vessels by thallium imaging Total 
0 1 2 3 
No of diseased vessels by angiography: 
0* 151 4 4 0 23 
1 2 St 8 2 17 
2 0 3 9t 11 23 
3 1 2 19 18t 40 
Total 18 14 40 31 





*Includes six patients with non-significant disease (<70% luminal stenosis). 


TNumber of patients correctly classified by thallium-201 imaging. 
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Table 3 Multivessel coronary disease prediction by thallium defects in more than one vessel's territory (n—103). Figures are numbers (96) 








Sensitivity Specificity Positive predictive Negative predictive 
accuracy accuracy 
Left main disease 8/10 (80) 30/93 (32) 8/71 (11) ` 30/32 (94) 
Left main disease or left anterior 49/54 (91) 27/49 (55) 49/71 (69) 27/32 (84) 
descending and circumflex artery disease 
Three vessel disease 37/40 (93) 29/63 (46) 37/71 (55) 29/32 (91) 
More than 1 vessel disease 57/63 (90) 26/40 (65) 57/71 (80) 26/32 (81) 





Using the criterion of either an abnormal thallium 
image or:an abnormal ST segment exercise response 
for a positive test the sensitivity for the detection of 
coronary artery disease was 8896 (NS vs thallium and 
vs ST alone) but the specificity was 35% (p« 0-05). 
Defining an abnormal test as one in which both the 
thallium scan and the ST segment exercise response 
were abnormal gave a lower sensitivity (62%, р< 0-05, 
vs thallium alone), but the specificity increased to 96% 
(p<0-05 vs thallium alone). Thus combined analysis 
yielded an improvement in specificity only at the cost 
of a loss of sensitivity, and in this study there was no 
significant improvement of predictive accuracy. 


BAYESIAN ANALYSIS 

When the criterion of multiple segmental thallium 
defects was used to construct curves relating pretest 
and posttest probabilities of high risk coronary artery 
disease (Fig. 2) a relatively low increment of probabil- 
ity of disease with a positive test was noted at all 
disease prevalence levels, which is in keeping with the 
low specificity. The value of a negative test for exclud- 
ing multivessel disease was high owing to the test’s 
high sensitivity. In populations with a pretést proba- 
bility of high risk disease of <30% a negative test 
reduced the post-test probability to «596 for multi- 
vessel, left main, and triple vessel disease. 


Discussion 


While the value of aortocoronary bypass surgery for 
the relief of intractable angina is not disputed its effect 
on life expectancy in patients with coronary artery 
disease is more controversial.|.? The Veterans 
Administration! and European Coronary Surgery? 
studies have reported an improvement in prognosis in 
certain categories of patients treated surgically com- 
pared with controls. These categories were defined in 
terms of coronary anatomy, and, therefore, although 
we have to rely on the results of these two studies 
when deciding for or against coronary surgery, the 
non-invasive tests used to detect coronary artery dis- 
ease must be compared with coronary arteriography. 
Exact agreement between the results of thallium imag- 
ing or stress electrocardiography and coronary 


arteriograpy is not to be expected since the non- 
invasive methods give functional as opposed to 
anatomical information about the myocardium. Both 
non-invasive methods probably have a prognostic 
value independent of the arteriographic findings. 137 !5 
We have evaluated the accuracy of planar 
thallium imaging for the detection or exclusion of 
multivessel disease, for which coronary bypass surgery 
is thought to improve the prognosis. We sought to 
determine whether coronary arteriography can be 
avoided in some patients and whether the addition of 
ST segment analysis can improve the accuracy of 
thallium imaging alone. 

Stress thallium-201 scintigraphy has been shown to 
be more accurate than stress electrocardiography for 
detecting obstructive coronary artery disease.*5 We 
found semiquantitative thallium imaging to be highly 
sensitive (88% in patients with no previous infarction, 
96% overall), a value which corresponds with the 82% 
average of studies cited by Okada et al,^ which used 
subjective visual interpretation, and is comparable to 
the sensitivity reported with quantitative thallium 
image analysis.!¢!7 The sensitivity .of perfusion 
scintigraphy in this study’was probably enhanced by 
the definition of significant coronary disease as 27096 
luminal stenosis. Moderate (50-70%) stenoses are 
more frequently associated with a normal perfusion 
pattern.!7 Furthermore, there was a high prevalence 
of multivessel disease—63 of 80 (79%) patients—for 
which thallium imaging is more sensitive than for less 
extensive disease. 18 

The specificity of thallium imaging in this series 
(65%) is lower than in most reported studies. The 
choice of 7096 stenosis as significant may have contri- 


: buted to this. Three of the six patients who had coro- 


nary narrowing of <70% luminal diameter had 
abnormal thalium scans, which may indicaté that 
these lesions were haemodynamically significant. 
Angiography frequently underestimates the true 
extent and severity of coronary disease and, in the 
range 25—7096 stenosis, is subject to considerable 
interobserver variability.!? 29 

We found that disease of the right coronary artery 
was most readily detected (9196) followed by left 
anterior descending (7796) and circumflex disease 
(7696). Massie et al found similar values of sensitivity 
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and concluded that the severity of vessel stenosis was 
the most important factor determining the sensitivity 
of thallium imaging for detecting individual vessel 
disease.?! Maddahi and colleagues report that quan- 
titative thallium analysis affords a small, but impor- 
tant, improvement in identifying diseased vessels, 
which may be valuable in evaluating the functional 
significance of coronary stensosis in the 50-7096 
range.!7 As noted by others, thallium imaging was а 
poor predictor of the number of diseased vessels,?! 2? 
and this may be due to the variability of coronary 
vessel dominance, especially in the inferior wall of the 
left ventricle. 

The value of segmental analysis of thallium uptake 
for the prediction of multivessel coronary artery dis- 
ease has been questioned.?!~25 Lenaers et al reported 
that 52% of patients with scintigrams suggesting 
single vessel disease had multivessel disease.?? McKil- 
lopet al also concluded that semiquantitative thallium 
imaging could not help in identifying patients with 
high risk coronary disease who might benefit from 
ѕигрегу.2* Maddahi et al reported that a higher prop- 
ortion of coronary lesions in patients with triple vessel 
disease was detected by quantitative thallium imaging 
than by visual interpretation (83% vs 53%).'7 Gewirtz 
et al also reported an improved lesion detection rate 
with quantitative analysis, but the sensitivity for 
detecting patients with triple vessel disease was 
increased only from 33% to 4896.26 

The sensitivity and specificity for detecting left 
main, triple vessel, and multivessel disease by corres- 
ponding segmental thallium defects in our study (Fig. 
3) do not differ appreciably from those reported by 
others. Sensitivity for detecting high risk coronary 
artery disease was increased by using the criterion of 
multiple segmental defects. This results in a loss of 
specificity, but may be justified on the basis of the 
variability of predominance of the right and left coro- 
nary circulations and by our knowledge of the prog- 
nostic significance of multiple perfusion defects.!^ !5 

The finding of multiple defects in 10 of our patients 
with single vessel disease implies that the stenoses of 
<70% in other vessels (in eight patients) were 
significant or that extensive myocardium was jeopar- 
dised by disease in one major coronary vessel (in two 
patients). Compared with a single defect or normal 
thallium scan, even in patients with angiographic 
single vessel disease, multiple thallium defects predict 
future cardiac events, both in patients presenting with 
chest раіп! and after myocardial infarction.!5 

In this study three patients with triple vessel disease 
had either a normal thallium scan (one patient) or only 
one segmental defect (two patients). Diffusely 
decreased myocardial perfusion as occurs with severe 
three vessel disease can result in an image with 
homogeneously decréased thallium uptake but no 
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identifiable defects.?? 24 Similarly, the finding of only 
one segmental defect in two patients with triple vessel 
disease may imply that only the area of greatest 
hypoperfusion was identified or that collaterals were 
preserving perfusion to other regions. 

When multivessel disease coexists with myocardial 
infarction thallium imaging may be used to assess the 
presence of reversible ischaemia in the non-infarcted 
areas. Revascularisation of jeopardised myocardium 
may be very important in patients with previous 
infarction since preservation of left ventricular func- 
tion may benefit their prognosis.?7 

According to Bayes's theorem the predictive value 
of an inaccurate test depends on the prevalence (or 
pretest likelihood) of disease in the population under 
study as well as on the test's sensitivity and specificity, 
and the latter were assumed in this study to be inde- 
pendent of disease prevalence. This assumption may 
be questioned, as thallium imaging might be more 
sensitive in a population with a high prevalence of 
coronary artery, and thus multivessel, disease.!$ The 
utility of our Bayesian approach can, however, be 
judged only by testing it prospectively in a new-popu- 
lation of patients. When Greenberg and colleagues 
evaluated exercise testing in this way they found 
Bayesian analysis to be equally as accurate as discri- 
minant function analysis?® (which does not assume 
independence of test sensitivity and disease preval- 
ence). 

Inaccurate tests are of limited value in patients with 
a pretest likelihood of disease >90% or «1096. When 
the values of sensitivity and specificity. obtained in this 
study were used to calculate the post-test probability of 
multivessel disease in populations with different pre- 
test probabilities, we found that a negative test 
excluded multivessel coronary artery disease with 
29096 probability if the prétést probability of multi- 
vessel disease was «4096 (see Fig. 2). Data from the 
Coronary Artery Surgery Study indicated that approx- 
imately half the patients with no previous infarction 
undergoing coronary arteriography fell into this 
category.!! The pretest probability of left main or 
triple vessel disease was less than 4096 in over 7096 of 
patients undergoing coronary arteriography in this 
study.!! Thus the need for-arteriography as a guide to 
prognosis can be avoided in a high proportion of 
patients presenting for investigation of chest pain. 

We used two bipolar leads, CM5 and CCS, a com- 
bination reported to be.as.sensitive and specific as 
multiple lead systems for detecting coronary artery 
disease.?? In this study, however, the sensitivity and 
specificity of ST segment displacement during exer- 
cise were only 6996 and 6596 respectively in patients 
without previous myocardial infarction. The addition 
of ST segment analysis did not improve the predictive 
accuracy of thallium imaging. кан i 


ps 
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The finding that in patients with a high prevalence 
of multivessel coronary artery disease high risk 
disease can be excluded with confidence by means of 
stress thallium imaging suggests that in a less selected 
population a normal thallium scan or single perfusion 
defect indicates the absence of multivessel disease and 
renders coronary angiography for prognostic purposes 
unnecessary. 
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Is low energy intake a risk factor for ischaemic heart 


disease? 


ALAN J SILMAN,* JEAN W MARR} 
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SUMMARY The relation between total energy intake and the development of ischaemic heart disease 
was investigated from a review of all available data including the results of 26 years of follow up from 
a longitudinal study of diet and ischaemic heart disease. A consistent inverse relation was found, 
whose strength and consistency are similar to those of other established risk factors. 

It is concluded that there may be a minimum energy intake below which the risk of ischaemic 


heart disease is increased. 


The association of ischaemic heart disease mortality 
and dietary factors, between populations, was first 
identified more than 25 years ago! and subsequently 
confirmed by others.2~4 Positive associations were 
found not only with the proportion of energy from 
both total and saturated fat but also with total energy 


intake.5® Indeed it was postulated that excessive ` 


energy intake from all sources rather than from any 
one particular kind of food was associated with 
ischaemic heart disease." A prospective study in the* 
United Kingdom of groups of bankers and London 
busmen, however, suggested that a high energy intake 
may be protective against ischaemic heart disease.? 
We have subsequently examined available data from 
other diet-heart studies together with previously un- 
published data from the UK study to determine 
whether this relation is consistent and to consider the 
possible explanations for such an association. 


Review of the evidence 


OBSERVATIONAL STUDIES BETWEEN 
POPULATIONS . 

The findings from observational ecological studies 
(Table 1) showed?^5 that populations with a high 
ischaemic heart disease mortality are the affluent 
countries that also have high fat and energy levels 
available for consumption. The Seven Country study 
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by Keys? !? using a diet methodology appropriate for 
characterising groups,!! found no relation between 
ischaemic heart disease and energy intake, calculated 
as energy per kilogram body weight. They did, how- 
ever, find that there was less disease in the com- 
munities with high physical activity, though the rela- 
tion between physical activity and energy intake was 
not examined. 


COMPARATIVE STUDIES OF RELATED 
POPULATIONS WITH DIFFERING RISKS 

In a study comparing dietary habits in Boston men of 
Irish origin with those of their brothers remaining in 
Ireland!? 13 the Irish brothers had a mean daily energy 
intake of 500 cal, (210 MJ) more than their 
Bostonian counterparts despite being about 1096 
smaller in weight and having half the mortality rate 
due to ischaemic heart disease. The Irish brothers 
were noted to take more exercise. 

In an attempt to explain the lower standardised 
mortality rate of ischaemic heart disease in Iowa far- 
mers compared with their town dwelling counterparts 
the ischaemic heart disease risk factors were com- 
pared in the two groups.!4 This showed that the far- 
mers smoked less, exercised more frequently, and had 
a mean energy intake of 430 kcal, (1-81 MJ) greater 
than the towns people. Conversely, the percentage fat 
intake was similar and the ratio of polyunsaturated to 
saturated fatty acids was lower in the farmers. 


TIME TRENDS WITHIN POPULATIONS 
Kahn observed that despite a fall of 1096 in total 
energy intake in the United States in the first six 
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Table 1 Between population comparisons of ischaemic heart disease mortality and dietary fat and energy intake 
Study No of countries Population Disease definition Energy (rj)* 36 Fat (r,)* 
(age range in yr) 
Yerushalmy and 
Hilleboe* 22 Male (55-59) ICD: В25-28 * 0-64 *0-4 
Jolliffe and Archer* 20 Male (55-59) ICD: B26 +0-55 +073 
Masironi* Male (55-64) AHD 
1940s and 1950s 25 +0-75 +063 
1960s 38 +0-69 +074 





* Food energy data derived from Food and Agricultural Organisation food balance sheets. гу, 


Spearman's rank correlation coefficient. 


AHD, artertosclerotic and degenerative heart disease; ICD, international classification of diseases. 


decades of this century there has been an increase in 
ischaemic heart disease rates though little change in 
serum cholesterol concentrations.!5 Figure 1 shows 
similar data for the United Kingdom from 1960 to 
1978 (that is, the period of the Eighth Revision of the 
International Classification of Diseases). There was an 
increase in age adjusted ischaemic heart disease mor- 
tality rate between 1960 and 1972 followed by a level- 
ling off in both men and women.!*!? During this 
period there was a steady decline in energy intake, 
which was particularly pronounced in 1970-74.!* 
Statistically, for the 19 years, there are strong inverse 
correlations between this population estimate of 
energy intake and mortality in both men (r= —0-78) 
and women (r= ~ 0-69). 


RETROSPECTIVE STUDIES 

In the International Atherosclerosis Project there was 
a trend of increasing coronary artery atheroma with a 
decrease in energy intake, though this was not statisti- 
cally significant. !? In a similar study of 226 men from 
the Honolulu Heart Study both energy and starch 
intake were significantly inversely related to the 
extent of coronary atheroma at necropsy.??^ A detailed 
case-control study in North Dakota, however, found 
no association between ischaemic heart disease and 
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mean energy intake.? 


--Energy intake 


1960 62 64 66 68 70 72 74 
Year 


PROSPECTIVE STUDIES 

There have been several prospective studies involving 
dietary assessment. А part of the Western Collabora- 
tive Group study used a seven day diary method of 
dietary assessment.?? А two and a half year follow up 
showed that 25 men who developed electrocardio- 
graphic changes of ischaemic heart disease had a lower 
initial energy intake compared with 80 disease free 
men (2100 os 2280 kcal „ (8-82 vs 9-58 Mp»). 

Not all prospective studies of diet and ischaemic 
heart disease have reported on total energy intake, 
though such data must have been collected. Thus 
there are no dietary data pertinent to this question 
either from the Albany?* or the Minnesota?’ studies. 
We have found seven prospective population studies 
from which at least four years of follow up data are 
available. We grouped the studies into areas of high 
and low incidence of ischaemic heart disease because 
of the very different levels of energy intake found. 
The high incidence areas included Framingham,?* 27 
Zutphen,?? Western Electric (Chicago),?? ?" and UK 
bankers and Биѕтеп ?! and the low incidence areas 
Hawaii, and the studies of both urban and rural 
populations in Puerto Rico.? The studies varied in 
their study population, the method of dietary inquiry, 
the outcome measures published, and the duration of 
follow up; Table 2 shows these differences. 
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Table 2 Methodological details in prospective studies of diet and ischaemic heart disease 





Study Population No of Dietary survey method Adverse outcome Duration of 
(age range in yr) subjects follow up 
(у) 
Framingham Male (45-64) 831 24 hour recall Pun (ischaemic heart disease, acute myocardial 4 
infarction) 
Zutphen Male (40-59) 770 Cross check Death (ischaemic heart disease) 10 
dietary history 
Western Electric Male (40-55) 1885 Dietary interview Death (ischaemic heart disease, acute myocardial 44 
infarction, angina) 
UK bankers and Male (30-67) 337 Seven day weighed Death (ischaemic heart disease, acute myocardial 10-20 
busmen survey infarction, angina) 
Hawaii Male, Japanese 7590 24 hour recall Death, (ischaemic heart disease, acute myocardial 6 
(45-68) infarction) - 
Puerto Rico Male (45-64) 5714 24 hour recall Death (ischaemic heart disease, acute myocardial 6 
(Urban) ` infarction) 
Puerto Rico Male (45-64) 2381 24 hour recall Death (ischaemic heart disease, acute myocardial 6 
(Rural) infarction) 





Table 3 Mean energy intake and disease status from seven longitudinal studies 








Study Patients with heart disease Disease free subjects 
No Mean energy SD SEE No Mean energy SD SEE 
intake intake 
(calp) (cal) 
High incidence areas 
Framingham 51 2369 700* 98-0 780 2622 700* 25:1 
Zutphen 27 2857 582 20 743 3080 662 24.3 
Western Electric _ 88 3082 974* 103-8 1797 3174 974* 23-0 
UK bankers and busmen 50 2656 400 56:6 287 2869 505 29-8 
* Low incidence areas 
Honolulu 179 2125 666 49-8 7411 2290 738 8-6 
Puerto Rico (urban) 129 2242 856* 75:4 5585 2413 856* 11:5 
Puerto Rico (rural) 34 2113 837* 143-5 ` 2347 2353 837* 173 





*Pooled standard deviation (SD) from patients and disease free subjects. 


SEE, standard error of the estimate 
Conversion: traditional to SI units—energy intake: 1 caly, = 4-2 J. 


Table 3 shows the mean energy intakes of those 
who did and did not develop ischaemic heart disease. 
It was necessary, in the absence of complete data, to 
use pooled standard deviations from both ischaemic 
heart disease patients and disease free subjects for the 
Framingham, Western Electric, and both the Puerto 
Rico population studies. This assumed that the vari- 
ances were similar in the ischaemic heart disease 
patients as in disease free subjects. Though there was 
no a priori reason that they were different, a higher 
variance for the patients would have reduced the 
chances of any observed difference being statistically 
significant. The studies where separate data were 
available showed, however, that the variance tended 
to be lower for the patients (Table 3). 

The most striking finding was that in each study the 
men developing ischaemic heart disease had, initially, 
a lower energy intake than the disease free men (Fig. 
2), the difference varying between 100 and 250 kcal, 
` (0-42 and 1-05 МЈ) per day. These differences were 
significant for the Framingham, UK bankers and 
busmen, Hawaii, and the Puerto Rico (urban) studies. 
The data were pooled for both the combined high 
incidence areas and the combined low incidence areas. 


The design of the studies in the low incidence areas 
was identical, but this was not true for the high inci- 
dence areas (Table 2). Though the pooling would 
increase the chances of a statistically significant result 
by increasing the sample size, it nevertheless is of use 
in providing the best estimate of the true difference. 
Calculated 9596 confidence intervals for the deficit in 
energy intake in ischaemic heart disease cases are for 
high incidence areas 141-4—278-6 kcal, (0:59 and 1-17 
MJ) per day and for low incidence areas 96:6-253-4 
kcal, (0-41 and 1-06 MJ) per day. The difference in 
means represents a shift to the left in the distribution 
of energy intake in the cases of ischaemic heart disease 
of 7-0% in the high incidence and 7:596 in the low 
incidence areas. It should be noted, however, that the 
difference in intake between high and low risk areas is 
greater than that between patients and disease free 
subjects within each of these two areas (Table 3). 


Discussion 
The evidence reviewed above is surprisingly consis- 


tent in suggesting an inverse association between 
energy intake and ischaemic heart disease risk within 
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Fig. 2 Difference 
and standard error of 
difference of total 
mean daily energy 
intake between 


-300 os Г patients with coronary 
United до! è areas artery disease and 
-400 * Zutphen Kingdom Puerto Ri disease free subjects 
: uerto KICO itudi 
PERAR PSU 05 (Urban) (Rural) fiim SENE 
** p«0:001 


population groups and conflicts with the evidence of 
the comparisons between countries*? that countries 
with high levels of energy available for consumption 
have higher levels of ischaemic heart disease. The 
likely explanation for this paradox is that differences 
in energy intake between countries reflect relative 
affluence, and it is other variables associated with 
affluence that are the cause of the increased risk. The 
apparant protective effect of a high energy intake as 
suggested by the other studies described could poss- 
ibly be explained by methodological problems and the 
possibility of confounding variables. 


METHODOLOGICAL PROBLEMS 

The association over time (Fig. 1) might be spurious. 
The National Food Survey data covered only food 
consumed at home, and during this period there had 
been an increase of 7% in meals taken away from 
home.?^ Thus apart from all the other hazards in 
interpreting such associations the data may not truly 
represent energy intake. Similarly, the retrospective 
studies cited!9~ 22 have to be interpreted with caution. 
Dietary inquiry in a retrospective or case-control 
study is open to error. Firstly, current diet may have 
altered as a result of disease presence and, secondly, a 
retrospective diet history is itself prone to error owing 
to poor recall. 

The prospective studies cited used a single estimate 
of energy intake that might not reflect true intake over 
the duration of the study. Morris et al found a correla- 
tion of 0-73 within subjects for total energy intake 
calculated from two seven days weighed surveys per- 
formed one to 12 months apart.?5 Although the men 
in the Zutphen study showed pronounced changes 
between 1960 and 1965 and 1965 and 197636 there is 
no indication that the ranked order also changed. 
Thus, though diet does change, the originally 
observed differences are probably sustained. Fur- 
thermore, it is unlikely that any change over time is 
selectively different in direction between the 
ischaemic heart disease and disease free groups before 
the clinical onset of the disease. Secondly, the 


methods of dietary inquiry varied, and different end 
points and duration of study were used (Table 2). 
Estimates of energy intake from the methods used in 
all these studies probably underestimate true con- 
sumption.?7 The results were, however, similar and 
this consistency, despite the differences in method, is 
positive evidence in favour of the results being real. 

Thirdly, it is possible that in the short term follow 
up those already with incipient ischaemic heart dis- 
ease at the start of the study may, as a consequence, 
have had a lower energy intake. The short (two and a 
half to six years) duration of some of the 
studies?3 26 27 29 3233 makes segregation between cause 
and effect difficult. The Zutphen men were, however, 
followed for 10 years,?8 and 10-20 years data are 
available from the UK bankers and busmen study® 
with, at the time of writing, a further six years of 
follow up analysed (Marr and Morris, unpublished 
data). These data for the UK men, despite the small 
numbers in each follow up period, show that there 
was no evidence that the trend was reversing (Ken- 
dall’s tau 0-155, NS). 

Fourthly, it is possible that obese persons may 
recall lower intakes. This possibility was examined in 
the Hawaii men,?? and the authors concluded, “аре 
adjusted mean values of total calories were consis- 
tently lower in IHD cases than in non cases in all 
classes of relative weight.” 

Finally, it is unlikely that these results are chance 
findings. The standard deviations are large, but the 
pooling of the studies together showed that the likeli- 
hood of a type I error was less than 1%. 


POSSIBLE CONFOUNDING VARIABLES 

It is possible that the relation to energy intake is 
explained by the confounding effect of other known 
ischaemic heart disease risk factors. The two most 
likely confounders are that both physical inactivity 
and cigarette smoking are associated with low energy 
intake, though the data are more substantive for the 
former. It was impossible, however, in the absence of 
direct access to all the raw data to do the necessary 
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multiple logistic analyses to determine whether 
energy intake had an independent effect in the studies 
cited. 


ENERGY EXPENDITURE 

This is the likeliest confounding variable since in a 
steady state a high energy intake reflects increased 
muscular activity,® and the latter is possibly protec- 
tive against ischaemic heart disease.393? It has been 
found that a high energy expenditure is associated 
with an increased intake both in athletes^?*! and 
office workers.4? 43 

In the prospective studies cited the patients with 
ischaemic heart disease in Hawaii?! had lower levels of 
physical activity (p<0-05) compared with the disease 
free men, though the difference became statistically 
insignificant in multivariate analysis. , The age 
adjusted mean energy intake was significantly lower in 
patients with ischaemic heart disease than in disease 
free subjects, even after controlling for physical 
activity. 

The effect of increase in energy expenditure is, 
however, complex. Exercise does not, however, con- 
sistently increase the appetite.^* An increase in daily 
exercise sufficient to produce weight loss over an eight 
week period did not increase energy intake,*5 and 45 
minutes of light jogging three days а week also had no 
effect.^$ Indeed, in animals exercise may decrease the 
appetite.47 48 


Cigarette smoking 

There are no data on whether cigarette smoking is 
associated with a reduction in energy intake compared 
with non-smokers. Anecdotally, patients who give up 
smoking report an increase in energy intake with 
increase in body weight, but whether this is a 
phenomenon of all non-smokers (never and ex- 


smokers) is unknown. Analysis of the UK men, with: - 


smokers and non-smokers separately divided into- 
equal high and low energy intake groups, showed that 
in both smoking groups the high intake group had 


approximately half the risk for ischaemic heart disease. 


of the low intake group.® 


BIOLOGICAL PLAUSIBILITY 
In the absence of a plausible biological explanation a. 
causal relation between low energy intake and 
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ischaemic heart disease cannot easily be inferred from 
these data.^? The only likely explanation is that high 
energy intake is associated with an increase in plasma 
high density lipoprotein cholesterol concentration, 
though this might be explained by the confounding 
effect of energy expenditure. 

The results of an intervention study comparing the 


- effect of an exercise programme with sedentary con- 


trols on energy intake, body weight, and blood lipid 
concentrations5? showed an identical positive relation 
between mileage run with both increase in energy 
intake (r7 0-48, p— 0-006) and increase in plasma high 
density lipoprotein cholesterol concentration (r— 0-48, 
р= 0-006). The increase in energy intake included an 
increase in total fat consumption. It has, however, 
been shown that mild exercise in middle aged seden- 
tary men has a favourable effect only on' high density 
lipoprotein cholesterol concentration when energy 
intake is maintained; a reduction in intake leads to a 
reduction in high density lipoprotein сопсепігайоп.5! : 
Thus perhaps increased exercise and increased energy 
intake act synergistically in reducing ischaemic heart 
disease risk rather than as confounding variables. An 
alternative hypothesis is to consider the effect that 
ischaemic heart disease risk is related to trace element 
deficiency in the diet,5? 53 and thus those with a high 
energy intake, assuming that they eat more of every- 
thing, might be less likely to show such deficiencies. 
Such hypotheses are virtually impossible to test with- 
out detailed and repeated chemical analyses of food 
and drink consumed, food tables being inadequate for 
the purpose. Such a methodology is likely to be unac- 
ceptable in free living populations participating in a 
prospective study. 


BIOLOGICAL IMPORTANCE 

It is of interest to note, however, that if the inverse 
association is causal its strength is high enough to be 
of biological importance. The observed difference in 
mean energy intakes represents a shift in the distribu- 
tion, and a comparable shift, in proportionate terms, 


applied to other-known risk factors would be likely to 


have a major effect on ischaemic heart disease rates.5* 
As an example, the data from the UK bankers and 
busmen study? are given in Table 4, which shows that 
the magnitude of the difference observed in energy 
intake is comparable to the difference observed with 


Table 4 Relative difference in risk factors between men with ischaemic heart disease (group 1) and disease free men (group 2)% 





Variable Group 1 
Mean serum cholesterol concentration (mmol/l) 6.46 
Mean systolic blood pressure (mm Hg) 44 
Mean No of cigarettes per day 15-1 
Mean energy intake (kcal) 2656 


Group 2 Difference in group 1 as 96 of group 2 
6-05 * 68 
138 + 43 
9- +60-6 
2869 — 74 





Conversion: traditional to SI units—energy intake: | kcal, = 0-0042 MJ. 
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serum cholesterol concentration or systolic blood 
pressure. 


Conclusion 


There appears to be paradoxically an inverse associa- 
tion between energy intake and ischaemic heart dis- 
ease risk within countries whose strength and consis- 
tency are similar to those of other established risk 
factors. The confounding effect of exercise or indeed 
other risk factors cannot be entirely discounted, 
though there is evidence that high energy intake and 
expenditure are synergistic. 

There is no evidence that excessive energy intake in 
the absence of matched output is anything but harm- 
ful to health,55 but there is support, we believe, for 
the hypothesis that there is a minimum energy 
intake—probably higher than that needed to maintain 
body weight in the sedentary middle aged man— 
below which the risk of ischaemic heart disease is 
increased. 
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Efficacy of transdermal glyceryl trinitrate in the 
treatment of chronic stable angina pectoris 


M A JAMES, P R WALKER, M PAPOUCHADO, P R WILKINSON* 
From the Department of Cardiology, Bristol Royal Infirmary, Bristol 


SUMMARY A study was carried out to assess the efficacy of a new transdermal preparation of glyceryl 
trinitrate (Transiderm-Nitro 5) in the 24 hour prophylaxis of angina and to determine the duration 
of effect of a single patch application. Twelve men with chronic stable angina were studied in a 
randomised, placebo controlled, double blind trial. By serial treadmill exercise testing a therapeutic 
effect was shown at three hours; the exercise time to angina and to 1 mm ST segment depression and 
the total exercise time were all significantly increased. At 24, 48, and 72 hours, however, no 
therapeutic effect was observed. Recent studies have shown a similar lack of effect at 24 hours for 
various forms of transdermal delivery systems. It is suggested that this lack of effect is due to the 
rapid onset of tolerance probably as a result of the constancy of blood concentrations obtained by 


this method of administration. 


Inhaled amyl nitrite was the first drug to be used for 
the relief of angina pectoris, and its successor, sublin- 
gual glyceryl trinitrate, remains one of the standard 
forms of treatment.! The brevity of its action led to a 
search for longer acting preparations; thus various 
forms of oral nitrates became available and were 
shown to provide long term symptomatic benefit in 
ischaemic heart disease.2~4 Nevertheless, rapid hepa- 
tic metabolism led to difficulties in dosage titration, 
and confusion exists as to which metabolite is respons- 
ible for its major еЌесіѕ.5-7 Quite recently, nitrate 
creams applied to the skin have been shown to be 
efficacious since they avoid the problems of first pass 
hepatic metabolism.95 !9 These preparations are, 
however, messy to use, require frequent application, 
and do not permit accurate dosing.!! Thus the recent 
development of a new transdermal delivery system to 
release glyceryl trinitrate into the circulation at a 
constant rate for 24 hours ought to represent a notable 
advance.!27!4 The transdermal system consists of a 
plaster patch containing a 25 mg reservoir of glyceryl 
trinitrate paste. À semipermeable, rate limiting mem- 
brane on the inner surface is applied to the skin. The 


glyceryl trinitrate reservoir maintains a concentration - 


gradient and the rate limiting membrane maintains a 
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constant delivery of 50 ug/cm?/h. The absorption 
capacity of the skin is proportional to the depth and 
density of the capillary network; by applying the 
patch to the hairless skin of the trunk rather than to 
an extremity the rate of absorption is kept con- 
stant.!57!7 f 

This study was designed to test the efficacy and 
duration of action of a single glyceryl trinitrate patch. 


Patients and methods 


The trial was a randomised, double blind, crossover 
study. Twelve men (mean age 52:7 (range 33-66) 
years) completed the study. They were selected from 
a clinic population with chronic stable angina (median 
length of history 17 (range 4-56) months) and a posi- 
tive exercise test (at least 1 mm horizontal or down- 
sloping ST segment depression during treadmill exer- 
cise). Three of the 12 patients had concomitant medi- 
cal conditions: one had hypercholesterolaemia, one 
hypertension, and one diabetes mellitus. Patients with 
unstable angina, recent myocardial infarction (within 
two months), valvar heart disease, heart failure, his- 
tory of severe headaches, allergy to plaster, anaemia, 
Prinzmetal angina, and previous intolerance to 
nitrates were excluded. Antianginal agents other than 
beta adrenergic blockers and sublingual glyceryl 
trinitrate were withdrawn two weeks before the study. 
Nine patients were taking chronic beta blockade 
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Figure Mean results of (a) time to 1 mm ST depression, (b) ST depression at minimum exercise, (c) total exercise time and (d) time 
to angina during exercise testing at 3, 24, 48, and 72 hours of treatment in 12 patients receiving a glyceryl trinitrate patch or a 
placebo. The total values for week 1 and week 2 indicate the period effect or effect of training of serial exercise testing. The influence of 
training on the effects of treatment is allowed for in the calculation of the p values. Significant differences between two values are 
indicated by the bidirectional arrow. 
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treatment, which was continued throughout the 
study. 

The study consisted of a series of exercise tests per- 
formed over four successive days during two succes- 
sive weeks with a three day break between each series 
of tests. Patients were randomised to receive either 
Transiderm- Nitro 5 or placebo treatment in their first 
week, receiving the other treatment in their second 
week. Exercise tests were performed at 3, 24, 48, and 
72 hours after patch application using a modified 
Bruce protocol; the endpoint was a moderate, previ- 
ously agreed level of angina. Twelve lead electrocar- 
diograms were recorded at each minute of exercise 
and into recovery. For each patient the lead which 
showed the greatest ST segment depression during 
the first test was used for ST segment analysis on evey 
subsequent test. 

The following variables were measured: (a) time to 
1 mm ST segment depression (at 60 ms after the J 
point); (b) time to angina; (c) total exercise time; and 
(d) ST segment depression at minimum exercise. 
Since a number of factors other than angina influence 
the total exercise time we decided to measure also the 
ST segment depression at a standardised point in the 
exercise protocol as well as at the maximum exercise 
time. This was termed the minimum exercise time 
and was obtained by measuring the amount of ST 
segment depression observed during the shortest 
exercise test and comparing this with the ST segment 
depression observed at the same minute of exercise in 
the other seven tests. 

Statistical analysis was performed using the two 
period crossover technique described by Grizzle,'® a 
p value of «0-05 being considered to be significant. 
Results are expressed as mean (SD). 


Results 


Seven patients received their active treatment during 
the first week and five received placebo. The results of 
serial exercise testing are shown in the Figure. During 
active treatment there were significant increases at 
three hours in the time to angina (446(100) vs 
409(130) s, р=0-03) and to 1 mm ST segment depres- 
sion (384(100) vs 318(132) s, р= 0-01) and in the total 
exercise time (517(92) vs 484(118) s, p=0-01). The 
amount of ST segment depression at the minimum 
exercise time was also less at three hours (1-1(0-5) vs 
1-8(1-0) mm, p- 0-02). These results take into account 
the training effect produced by serial exercise 
testing—that is, the subjects performed as a group 
better during the second week of the trial regardless of 
their randomisation order (Figure). At 24, 48, and 72 
hours, however, no beneficial effects were seen during 
active treatment. During exercise testing at three 
hours after application of the nitrate patch the heart 
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rate, systolic blood pressure, and double product 
(heart rate multiplied by systolic blood pressure) at 
the onset of angina, at 1 mm of ST segment depres- 
sion, and at peak exercise were not significantly dif- 
ferent from placebo. 

The period of treatment (72 hours) was too short to 
assess its effects on the frequency of angina during 
daily activities, and therefore angina diary cards were 
not used; none the less, two patients expressed a pre- 
ference for the active patch, two for the placebo, and 
eight had no preference. Eleven patients reported 
headache and lightheadedness during active treat- 
ment, which in four persisted for 24 hours, in three 
for 48 hours, and in three for 72 hours. Six patients 
also complained of these symptoms while taking 
placebo. In one patient severe headache and vomiting 
occurred during the first 24 houts of active treatment. 
In no patient was there a skin reaction. 


Discussion 


Serial exercise testing in these 12 patients showed a 
small but significant benefit from transdermal glyceryl 
trinitrate at three hours after patch application but not 
at 24, 48, or 72 hours. Recent studies of transdermal 
nitrates have produced conflicting results. Reichek 
et al were unable to show any improvement in exer- 
cise tolerance at 4, 8, or 24 hours after transdermal 
glyceryl trinitrate delivered at almost twice the dosage 
used in the present study, although at very high dos- 
age (equivalent to more than 20 mg of glyceryl trini- 
trate in 24 hours) a therapeutic effect was seen at four 
and eight but not at 24 hours.'? Parker et al, testing а 
patch containing 100 mg of isosorbide dinitrate, 
found that exercise performance was improved at two, 
four, and eight hours but not at 24 hours.?? Naaes 
et al, evaluating a glyceryl trinitrate patch, found a 
significant improvement in exercise tolerance at 12-16 
hours but did not test efficacy at 24 hours.?! Cerri 
et al tested two glyceryl trinitrate patches (Nitroderm 
TTS 5 and Nitroderm TTS 10) and found significant 
improvement in exercise tolerance at three and 24 
hours, although there was no difference between the 
patches.?? On the basis of these studies, some sceptic- 
ism that transdermal nitrate patches provide 24 hour 
prophylaxis in angina is justified.?? ?* 

In our study, the absence of any therapeutic benefit 
at 24 hours and thereafter may have been due either to 
subtherapeutic plasma concentrations of glyceryl 
trinitrate or to the loss of end organ res- 
ponsiveness—namely, tolerance. While the plasma 
concentrations obtained from a single Transiderm- 
Nitro 5 patch are relatively low compared with those 
reported with other long acting nitrate preparations, !* 
the plasma concentrations have been shown to be con- 
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stant for up to 28 ћошѕ.!2- 14 The plasma concentra- 
tion is closely related to the surface area available for 
absorption!?^!7 and can be raised by increasing the 
size of the patch or applying more patches simultane- 
ously. Thus in one study the glyceryl trinitrate con- 
centration obtained from four patches applied simul- 
taneous]y was more than three times greater than 
from a single patch.!? Our data show, however, that a 
single application is sufficient to produce a significant, 
albeit small, therapeutic effect accompanied in 
almost all patients by headache. If it is assumed that 
diffusion has remained constant for 24 hours then the 
loss of therapeutic effect suggests the rapid develop- 
ment of tolerance. Muller et al in their studies using 
transdermal glyceryl trinitrate noted an attenuation of 
the haemodynamic responses to the patch measured 
in the afternoon compared with the morning, 
although plasma concentrations of glyceryl trinitrate 
had not fallen.!? Tolerance has been found within 24 
to 48 hours of commencing regular six hourly treat- 
ment with isosorbide dinitrate at both low and high 
аоѕаве.25 26 In the recent study cited above, Parker 
et al were unable to show any benefit whatsoever from 
transdermal isosorbide dinitrate after 7-10 days of 
treatment, despite the initially significant therapeutic 
еҝесг.20 There is evidence that any nitrate prepara- 
tion which produces constant plasma concentrations 
and which therefore does not allow time for reversal of 
tolerance may quickly become ineffective.?5 Parker 
et al have shown that the initial tolerance which 
occurs during chronic treatment may still be over- 
come by sublingual glyceryl trinitrate,?? again sug- 
gesting that haemodynamic responsiveness is depen- 
dent on rapid fluctuations in plasma concentrations. 


The mechanism of tolerance is unknown, but ап, 


opposing reflex neurohumoral vasoconstrictor 
response has been suggested.?? 

In other placebo controlled studies with long acting 
nitrates a higher rate-pressure product. was achieved 

: during active treatment. That this was not observed in 
our 12 patients may have been due to the attenuating 
effects of beta blockade in nine of them. Nevertheless, 
others have also found a lack of effect on the double 
product with nitrate patches used alone.!?29 Nitrates 
are effective in patients taking beta blockers,?® and 
the continued use of them throughout the study 
period should not have reduced the therapeutic effect 
of transdermal glyceryl trinitrate. 

The stepwise improvement in exercise performance 
induced by training during a serial exercise training 
programme is well shown in this study by the observa- 
tion that mean exercise time to angina and the dura- 
tion of exercise were significantly greater during the 
second period compared with the first (Figure). Апу 
consequent bias, which was in fact slightly in favour 
of placebo, was éxcluded by using the Grizzle two 
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period changeover analysis in the calculation of the p 
values.!8 

In conclusion, a single patch containing 25 mg of 
Blyceryl trinitrate produced a therapeutic effect on 
exercise performance at three hours after application, 
but this was not maintained at 24 hours or thereafter. 
It is likely that his loss of effect was due to the rapid 
development of tolerance, which may be related to the 
constant blood concentrations achieved by this deliv- 
ery system. There is evidence that fluctuation of blood 
concentrations may be necessary to maintain 
haemodynamic геѕропѕіуепеѕѕ.29253 A тоге 
significant benefit might be derived from a larger 
patch, but side effects could limit the efficacy of such 
a preparation, and even in a high dose the therapeutic 
effect seems to be lost by 24 hours. In view of the 
relatively high cost of this transdermal system com- 
pared with conventional, orally administered long act- 
ing nitrates, we suggest that further studies are neces- 
sary before this method of nitrate treatment be 
recommended for patients with chronic stable angina. 


We thank Geigy Pharmaceuticals for supplying the 
active and placebo patches and for assistance with 
analysis of the data, Drs J Russell Rees, S C Jordan, 
and J Vann Jones for allowing us to study patients 
under their care, and Mr L M Clarke and his staff for 
technical assistance. 
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Clinical value of Doppler echocardiography in the 
assessment of adults with aortic stenosis 
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T D V LAWRIE 


From the University Department of Medical Cardiology, Royal Infirmary, Glasgow 


SUMMARY Continuous wave Doppler echocardiography was used to study 41 adults with clinically 
suspected aortic stenosis undergoing cardiac catheterisation. Non-invasive assessment of the severity 
of stenosis was made before catheterisation using electrocardiograms, chest radiographs, and cross 
sectional echocardiography in addition to clinical examination and assessment modified, where 
appropriate, by the result of the Doppler examination. Catheterisation gradients were obtained in 33 
patients and correlated well with those obtained by Doppler examination particularly when simul- 
taneous recordings were obtained. All patients with surgically significant stenoses were identified by 
non-invasive assessment including Doppler examination and overestimation was not found in any 
patient with a less than significant stenosis. 

Thus surgery can be recommended in patients with aortic stenosis without the need for previous 


cardiac catheterisation. 


Cross sectional echocardiography is a well established 
non-invasive method of assessing the severity of val- 
var stenoses. It is of particular value in the assessment 
of mitral stenosis,! but difficulties can arise in accu- 
rately assessing patients with aortic stenosis.?? 

The ability of Doppler echocardiography to meas- 
ure transvalvar gradients has obvious potential ben- 
efits in the non-invasive assessment of patients with 
aortic stenosis. Pulsed wave Doppler ultrasound has 
been used to measure blood flow velocity in the 
ascending aorta^ and to establish normal values.5 
Nevertheless, it is unable to measure the high vel- 
ocities present in patients with aortic stenosis, a dis- 
advantage not found with the continuous wave Dop- 
pler technique. Using the continuous wave Doppler 
technique recent reports have suggested that in 
patients with aortic stenosis there is a good correlation 
between the Doppler derived gradient and that 
obtained at catheterisation,$ 5 but the potential clini- 
cal application of the technique has yet to be fully 
established. This study was therefore undertaken in 
patients with clinically suspected aortic stenosis to 
confirm the accuracy of continuous wave Doppler 
ultrasound in predicting valve gradients and in par- 
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ticular to assess its clinical value and possible role in 
the subsequent management of these patients. 


Patients and methods 


The study group comprised 41 adults (age range 
14—73 (mean 52) years) undergoing cardiac catheter- 
isation with clinically suspected aortic stenosis either 
alone or in combination with other valve lesions. All 
patients had clinical examination performed by two 
experienced cardiologists. In addition a 12 lead elec- 
trocardiogram, chest radiograph, and cross sectional 
echocardiogram were performed in all patients before 
cardiac catheterisation. 


DOPPLER ECHOCARDIOGRAPHY 

Doppler examination was performed using a Vingmed 
Alfred continuous and pulsed wave velocimeter with a 
2 MHz transducer. Continuous wave velocimetry was 
used for all examinations to obviate the effects of alias- 
ing occurring in the measurement of high velocities in 
the pulsed mode. Being both gain and threshold 
dependent there is a tendency for the analogue display 
of maximum velocity to underestimate valve gra- 
dient, and so spectrum analysis was used in all cases, 
using either an Angioscan or Doptek analyser. Dop- 
pler examination was performed in the resting state 
from a variety of precordial positions in order to 
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obtain the Doppler signal of maximum systolic blood 
flow velocity in the ascending aorta. The audio signal 
was used in addition to spectrum analysis to obtain 
the Doppler signal indicating laminar flow and the 
maximum systolic frequency shift then obtained from 
a clearly demarcated spectral signal without obvious 
interference (Fig. 1). In an attempt to minimise the 
risk of falsely low recordings all possible precordial 
positions were examined including suprasternal, api- 
cal, subcostal, supraclavicular, and right parasternal 
in the right lateral decubitus position. 

The maximum systolic velocity obtained in the 
ascending aorta by the Doppler examination was used 
to calculate the transvalvar gradient using a modi- 
fication of the Bernoulli formula*; P—4V? where P is 
the transvalvar gradient (mm Hg) and V the max- 
imum systolic velocity (metres s'^!). Before cardiac 
catheterisation an assessment of the severity of aortic 
obstruction was made by the attending physician 
using clinical examination with the addition of an 
electrocardiogram, chest radiograph, and cross sec- 
tional echocardiogram. This was graded as either 
non-significant, surgically significant, or severity in 
doubt from non-invasive information. The result of 
the Doppler examination was then added and any 
appropriate modification of the assessment of severity 
made. 


CARDIAC CATHETERISATION 

All patients underwent full cardiac catheterisation 
using Judkins's technique and where possible peak to 
peak systolic gradients (in mm Hg) obtained by with- 
drawal of a fluid filled multihole catheter across the 
aortic valve. In addition two patients underwent 





Fig. 1 


Continuous wave Doppler echocardiogram from the 
suprasternal notch indicating a clearly demarcated spectral signal 
in a patient with an aortic valve gradient of 37 mm Hg. 
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transseptal catheterisation using the Brockenbrough 
technique in one and via a patent foramen ovale in 
another. All patients were prescribed 10 mg diazepam 
orally as a premedication 30 minutes before catheter- 
isation. This may have the effect of lowering cardiac 
output and transvalvar gradient. In an attempt to 
assess the effects of sedation on the aortic valve gra- 
dient 24 of the 33 patients had a further Doppler 
examination performed at the time of cardiac catheter- 
isation immediately after withdrawal of the catheter 
across the aortic valve. 

The decision regarding subsequent patient man- 
agement was made by the attending physician on the 
basis of all available clinical and non-invasive data in 
addition to the results of cardiac catheterisation, and a 
comparison could then be made with the decision 
reached by non-invasive techniques alone. 


Results 


Satisfactory Doppler signals were obtained іп all 
patients. Though the suprasternal notch was the most 
successful position for obtaining the optimum Dop- 
pler signal (29 of 41 patients) it was not possible to 
predict the most satisfactory precordial examination 
position even when cross sectional echocardiography 
was used. Indeed, although several positions were 
usually successful in each patient, the right paraster- 
nal position was most successful in six, the subcostal 
in five, and the apical in one, and in one patient the 
only satisfactory view was obtained from the right 
supraclavicular position. 

In eight of the 41 patients undergoing cardiac 
catheterisation it was not possible to cross the aortic 
valve retrogradely. Transseptal catheterisation was 
not undertaken at the discretion of the attending 
physician and therefore no gradients were obtained in 
these patients. 

In the remaining 33 patients the catheter gradients 
ranged from 0 to 120 mm Hg with a mean of 43 mm 
Hg and the Doppler gradients from 8 to 157 mm Hg 
with a mean of 49 mm Hg. Figure 2a shows the overall 
correlation between the catheter derived gradients 
and those obtained by Doppler. In addition, the cor- 
relation between the Doppler derived gradients 
obtained simultaneously at catheterisation and the 
catheter gradients is shown (Fig. 2b). A superior 
correlation (г= 0:98) was obtained by this method, 
presumably because of the effects of sedation. This is 
suggested by the fact that in the majority (70%) Dop- 
pler gradients obtained simultaneously at catheterisa- 
tion were lower than those obtained without the 
effects of sedation. 

In the 33 patients in whom valve gradients were 
subsequently obtained at catheterisation the non- 
invasive assessments with and without Doppler meas- 
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urements were compared with the subsequent out- 
come from the complete data including that obtained 


at catheterisation. Though in general terms a peak ~ 


aortic gradient of >50 mm Hg was taken as surgically 
significant in one patient the gradient at Doppler 
examination was 42 mm Hg and 45 mm Hg at 
catheterisation. This was regarded as significant by 
the attending physician and therefore analysed as 
such. 

In the nine patients with clinically non-significant 
lesions the Doppler findings suggested a non- 
significant lesion in seven, which was subsequently 
confirmed by catheterisation. In the remaining two 
patients, however, Doppler examination suggested a 
surgically significant lesion, which was confirmed by 
catheterisation in both cases. 

In the 12 patients thought clinically to have surgi- 
cally significant aortic stenosis Doppler examination 
identified a surgically significant gradient in all 12, 
which was subsequently confirmed by catheterisation. 
The remaining 12 patients, however, had inconclusive 
evidence on clinical and non-invasive data. In 10 
patients Doppler examination could not identify a 
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significant gradient nor did subsequent catheterisa- 
tion. The two surgically significant lesions detected by 
the Doppler technique were, however, confirmed by 
catheterisation. | 


Discussion 


It has been suggested that-the non-invasive assess- 
ment of valve disease can obviate the need for cardiac 
catheterisation in many cases.!? Patients with aortic 
stenosis are, however, often the most difficult to 
assess non-invasively, and cardiac catheterisation is 
almost always required. In this study, however, in an 
appreciable number of patients (eight of 41) it was not 
possible even at cardiac catheterisation to obtain a 
valve gradient. In comparison satisfactory signals 
were recorded in all patients investigated by the Dop- 
pler technique. 

The correlation found between the Doppler derived 
gradient and that obtained at catheterisation indicates 
that Doppler echocardiography provides an accurate 
assessment of the gradient across an aortic obstruc- 
tion. This measurement did not appear to be appreci- 
ably affected by the fact that peak to peak systolic 
gradients were measured at catheterisation rather than 
an instantaneous value as measured by the Doppler 
technique.!! In several cases the sedative used as a 
premedication for catheterisation affected the Dop- 
pler derived gradient, slightly lowering its value com- 
pared with previous Doppler examinations. This 
probably accounts for the better correlation between 
simultaneous recordings and also for the less accurate 
correlations reported in other studies where simul- 
taneous measurements were not made.? ? 

The potential for falsely low recordings by the 
Doppler technique is, however, an important consid- 
eration. In our study no falsely low recordings were 
obtained. This may be due in part to the care taken in 
performing- Doppler examinations from all available 
precordial positions in all patients. Nevertheless, it 
can be argued that by attempting to measure a very 
small high velocity jet at an unknown angle, the pos- 
sibility of false negative recordings by the Doppler - 
technique must exist. Therefore extreme care should 
be taken in interpreting the result of a Doppler 
examination that suggests a less than significant ob- 
struction where this is at variance with either the clin- 
ical or routine non-invasive examinations. 

More important than the accurate correlation of 
valve gradients with catheterisation data is the ability 
of the Doppler technique to help determine the sub- 
sequent clinical management of the patient with aortic 
stenosis when integrated as part of a complete non- 
invasive. assessment. Indeed in our study no patient 
with a surgically significant lesion would have been 
missed by complete non-invasive assessment includ- 
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ing Doppler examination, and in no patient was there 
an appreciable overestimation of the severity of ob- 
struction. Where doubt existed as to the severity of a 
lesion by other non-invasive techniques alone, Dop- 
pler examination was able ti correctly clarify the 
degree of obstruction in all cases. Possibly more 
important is the fact that the Doppler examination 


identified two patients with surgically significant | 


lesions that would otherwise have been missed by 
routine clinical and non-invasive assessment. 

It can be argued that cardiac catheterisation may be 
indicated for other valve lesions, but, as previously 
reported, the vast majority of these can be accurately 
assessed by standard non-invasive techniques.!? 


Where the possibility of ischaemic heart disease exists. 


coronary angiography may be indicated, but this is a 
much less hazardous and time consuming procedure 
than full right and left heart cathéterisation. Indeed in 
an appreciable number of patients undergoing 
catheterisation for valvar disease coronary angiogra- 
phy is not performed.!° f 
Doppler echocardiography has therefore added a 
new dimension to the assessment of patients with aor- 
tic stenosis. When combined with clinical examina- 
tion and other routine non-invasive techniques it can 
accurately determine the subsequent clinical man- 
agement of these patients, and it would therefore 
seem safe and appropriate to recommend surgery in 
an appreciable number of patients with aortic stenosis 
without the need for previous cardiac catheterisation. 
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Increased blood velocities in the heart and great vessels 
of patients with congenital heart disease 


An assessment of their significance in the absence of valvar 
stenosis | 


STANLEY J GOLDBERG,T NEIL WILSON,* DAVID F DICKINSON* 
From the *Non-Invasive Unit, Killingbeck Hospital, Leeds, and the T University of Arizona, Tucson, Arizona, USA 


SUMMARY During a previous investigation and during routine clinical Doppler echocardiography 
velocities distal to normal valves were found to be increased in patients with congenital heart disease. 
To investigate this observation the velocity proximal and distal to cardiac valves was recorded in 56 
patients with congenital heart disease. No detectable pressure gradient had been found across these 
valves at catheterisation and no velocity gradient >20 cm/s was found across them by range gated 
Doppler echocardiography. In 8296 of the patients, however, the blood velocity across one or more 
valves exceeded normal limits. Increased velocities were found at the tricuspid inflow (5596), pul- 
monary artery (3896), mitral inflow (3496), and ascending aorta (1196). Factors predisposing to the 
presence of increased velocities in these areas were increased flow through the valve and decreased 
compliance of the receiving chamber. 

This study shows the necessity for recording velocity both proximal and distal to a valve before a 


gradient is calculated according to the modified Bernouilli equation. 


Doppler interrogation of velocities in the heart and 
great vessels is now an accepted diagnostic procedure. 
Previous physical, angiographic,? and Doppler 
investigations? have shown that flow through stenotic 
valves produces a jet and that the velocity of the jet is 
related to the magnitude of the pressure gradient, 
which may be calculated using a modification of the 
Bernouilli equation.*? This modified formula is as 
follows: pressure gradient = 4(V2?—V 1?) where V2 is 
the velocity (m/s) distal to the valve and V1 is the 
velocity (m/s) proximal to the valve. 

In practice, however, it is usual to ignore the pro- 
ximal velocity because its inclusion would not have a 
major influence on the result. Accordingly, most 
increased velocities are assumed to be due to stenosis, 
and a gradient is calculated on the basis of the 
increased distal velocity alone. 


Requests for reprints to Dr D F Dickinson, Non-Invasive Unit, 
Killingbeck Hospital, York Road, Leeds LS14 6UQ. 


Accepted for publication 31 January 1985 


During the course of many clinical Doppler exami- 
nations of children with congenital heart defects, we 
found that some patients without stenotic lesions had 
velocities in the central circulation that exceeded val- 
ues found in normal populations. The purpose of this 
investigation was to identify situations in which these 
increased values might be expected. 


Patients and methods 


The study population consisted of those patients with 
congenital heart disease studied by Doppler echocar- 
diography in Killingbeck Hospital between February 
and May 1984 who met the following criteria: (a) 
confirmation of diagnosis by cardiac catheterisation 
(except in the case of those patients with an isolated 
ductus arteriosus who were normal on physical 
examination after ligation, (b) measurement of pres- 
sure proximal and distal to all valves at cardiac 
catheterisation, and (c) no significant difference in 
blood velocity or pressure measurement across the 
valve of interest. Several patients with stenotic valves 
were included (Table), but the velocity across the 
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Table Peak velocity measurements of blood flow distal to each valve 
Case Age Diagnosis Postvalve velocity (ст) 
No (ут) 
Tricuspid Mitral Pulmonary Aortic 
1 9 Aortic stenosis 50 105 65 Jet 
2 7 Aortic stenosis 35 105 90 Jet 
3 2 Aortic stenosis 70 122 82 Jet 
4 4 Aortic stenosis 30 136 70 Jet 
5 8 Aortic stenosis 72 68 -68 Jet 
6 7 Aortic stenosis 62 114 98 Jet 
7 8 Aortic stenosis 40 130 48 Jet 
8 29 Aortic stenosis 42 142 96 Jet 
9 04 Aortic stenosis, coarctation of aorta 45 120 78 Jet 
10 2 Aortic stenosis, coarctation of aorta 42 140 65 Jet 
11 4 Atrial septal defect 86 66 78 150 
12 14 Atrial septal defect 84 75 236 102 
13 7 Atrial septal defect 105 80 155 125 
14 8 Atrial septal defect 92 82 120 108 
I5 8 Atrial septal defect 79 85 102 100 
16 15 Atrial septal defect 90 90 170 130 
17 1 Atrial septal defect 150 92 Jet 106 
18 2 Atrial septal defect 78 122 148 102 
19 7 Atrial septal defect 118 108 160 109 
20 0-9 Atrial septal defect, pulmonary hypertension 136 105 110 105 
21 1 Complete transposition, postoperative 80 62 Jet 50 
22 0-6 Complete transposition 65 60 90 90 
23 15 Complete transposition, ventricular septal defect, 109 108 Jet 104 
" pulmonary stenosis, postoperative 
24 3 Atrioventricular septal defect 88 98 158 106 
25 0-6 Atrioventricular septal defect, persistent ductus arteriosus 140 140 194 140 
26 3 Parachute mitral valve # 62 Jet 76 140 
27 10 Persistent ductus arteriosus 65 82 105 135 
28 1 Persistent ductus arteriosus 42 102 “92 204 
29 6 Persistent ductus arteriosus 46 131 70 161 
30 0-1 Persistent ductus arteriosus 68 136 Jet 205 
31 2 Persistent ductus arteriosus 65 150 120 205 
32 5 Pulmonary stenosis 34 60 Jet 108 
33 5 Pulmonary stenosis 54 76 Jet 116 
34 0-5 Pulmonary stenosis 55 82 Jet 80 
35 1 Pulmonary stenosis, atrial septal defect 140 65 Jet 84 
36 7 Systemic hypertension 105 142 106 145 
37 2 Tricuspid atresia — 130 40 98 
38 2 Total anomalous pulmonary venous connection 89 90 210 120 
39 0-8 Complete transposition, postoperative 112 60 Jet 70 
40 0:3 Complete transposition, postoperative 95 80 100 100 
41 0-1 Complete transposition, postoperative 100 80 140 106 
42 4 Tetralogy of Fallot 85 50 Jet 80 
43 4 Tetralogy of Fallot 80 60 Jet 80 
44 1 Tetralogy of Fallot 78 62 Jet 80 
45 4 Tetralogy of Fallot 94 78 Jet 90 
46 3 Tetralogy of Fallot 65 80 Jet 70 
47 4 Tetralogy of Fallot 102 100 Jet 112 
48 29 Tetralogy of Fallot, pulmonary i incompetence, postoperative — . 88 94 92 68 
49 25 Tetralogy of Fallot, pulmonary i incompetence, postoperative 95 52 132 72 
50 4 Tetralogy of Fallot, pulmonary i incompetence, postoperative 113 88 120 102 
51 10 Ventricular septal defect 64 116 160 118 
52 0-4 Ventricular septal defect 60 120 78 120 
53 1 Ventricular septal defect, pulmonary hypertension 92 120 120 116 
54 5 Ventricular septal defect, pulmonary stenosis 70 52 Jet 60 
55 0-3 Ventricular septal defect, pulmonary hypertension 80 120 103 120 
56 0-1 Ventricular septal defect, pulmonary stenosis 102 118 Jet 70 
Jet, high velocity flow associated with valvar stenosis. 
stenotic valve was not of interest.to this study. For ECHOCARDIOGRAPHY 


example, a child with known pulmonary valvar 
stenosis was included if all three criteria were 
satisfied, but the pulmonary velocity was not included 
in this study. Nevertheless, velocities proximal and 
distal to the other three valves were appropriate to the 
interests of this study. 


А complete cross sectional echocardiographic and 
range gated Doppler examination was performed on 
each patient. Mitral and tricuspid velocities were 
measured in the apical four chamber plane according 
to previously described techniques." The sample vol- 
ume was initially placed distal to the valve and was 
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Figure Cross sectional echocardiogram and time-velocity trace 
in a patient with pulmonary stenosis. The alignment of the 
ultrasound beam is shown by a highlighted line passing from the 
right ventricle (RV) to the right atrium (RA). The arrow 
indicates the upper limit of tricuspid velocity in normal 
individuals (77 cm/s). The sample volume for Doppler recording 
is shown as two short lines astride the Doppler cursor line (a) just 
proximal to the tricuspid valve leaflets and (b) just distal to the 
tricuspid valve leaflets. The velocity trace shows blood flow at a 
velocity slightly higher but still within 20 cm/s of the velocity 
proximal to the valve. 


aligned with the expected direction of flow as deter- 
mined from the cross sectional echocardiographic 
image. The transducer was then moved in the plane of 
that image to achieve the highest velocity and the least 
spectral broadening, which occur concurrently when 
alignment with flow is achieved. After that location 
was identified the transducer was moved in the unseen 
(elevational) plane to maximise velocity and to minim- 
ise spectral broadening. This process allowed spatial 
alignment with flow. Accordingly, no correction was 
necessary for the intercept angle between the 
ultrasound beam and the direction of blood flow. Vel- 
ocity distal to the valve was then recorded. Finally, 
the sample volume was placed proximal to the valve 
and the spatial alignment procedure repeated. The 
proximal and distal velocities were compared taking a 
mean of three to five cardiac cycles in each case. If the 
modal peak velocity for the two measurements was 
within 20 cm/s no true velocity difference was consi- 
dered to be present across the valve. The process for 
measurement of velocities across the semilunar valves 
was similar, but different planes of ultrasound exami- 
nation were used. Velocities across the pulmonary 
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valve were studied from a high precordial short axis 
plane and velocities across the aortic valve were meas- 
ured with an off axis imaging transducer from a short 
axis position in the suprasternal notch.’ This trans- 
ducer permits Doppler interrogation of the ascending 
aorta and left ventricular outflow tract parallel to 
blood flow. The spatial alignment with flow direction 
was accomplished in these planes according to the 
same method described for the atrioventricular 
valves. 


Results 


STUDY POPULATION 

During the study period 482 patients with congenital 
heart disease underwent Doppler studies at Killing- 
beck Hospital. Four hundred and twenty four 
patients were excluded because (a) they had not 
undergone cardiac catheterisation (the most common 
reason) or (b) they had undergone catheterisation but 
did not have a measurement of pressure across the 
valve(s) of interest or, in a few instances, because à 
complete Doppler study was not or could not be per- 
formed. Fifty eight patients met the criteria for inclu- 
sion into the study. We were, however, unable to 
align satisfactorily with flow proximal to the aortic 
valve in two patients, who were then excluded. 
Accordingly, 56 patients formed the study group. 


DOPPLER ECHOCARDIOGRAPH Y 

Measurement of velocity proximal and distal to the 
atrioventricular valves presented no problem. Align- 
ment with the left ventricular outflow tract required 
the beam to be directed more anteriorly than is usual 
to image the ascending aorta. Although satisfactory 
results could be obtained for all but two patients, 
some experienced mild discomfort. The major prob- 
lem was that the pressure of the transducer on the 
larynx caused some patients to cough almost continu- 
ously when the transducer was in position to image 
the outflow tract; severe paroxysms of coughing 
resulted in the exclusion of the two patients men- 
tioned above. Interrogation of the pulmonary outflow 
tract and main pulmonary artery presented, in a few 
patients, a problem of beam-flow intercept angle. 
Although it was possible to achieve alignment with 
flow in the main pulmonary artery, an intercept angle 
as large as 30* was occasionally found at the level of 
the pulmonary valve. Although it was easy to deter- 
mine the presence or absence of a velocity difference 
by sampling immediately proximal and distal to the 
valve, the absolute velocity measured at this site was 
less than in the centre of the distal main pulmonary 
artery because the intercept angle was less favourable 
at the valve than at the centre of the main pulmonary 
artery. 


Increased blood velocities in the heart and great vessels of patients with congenital heart disease 


PREVALENCE OF VELOCITIES EXCEEDING 
NORMAL Е 

To determine which velocities exceeded normal, we 
used the data previously collected in this unit by the 
same techniques.95 Values exceeding the mean by 2 
standard deviations or more were considered abnor- 
mal. The upper limits of normal velocity distal to the 
four cardiac valves were: tricuspid 77 cm/s, pulmo- 
nary 115 cm/s, mitral 109 cm/s, and aortic 142 cm/s. 
The Figure shows an example of a velocity in excess of 
normal. When jet velocities were excluded only 10 of 
56 (1896) patients had all other velocities within the 
normal range (Table). 


Increased tricuspid velocities 

Thirty one of 55 (5696) had tricuspid velocities in 
excess of the normal range. Most patients with normal 
tricuspid velocities had lesions affecting mainly the 
left heart: aortic stenosis (10), parachute mitral valve 
(one), persistent ductus (five). Many patients with a 
variety of other lesions also had normal velocities. The 
common features of those with increased velocities 
(with the single exception of case No 36, Table). were 
either the presence of (a) lesions associated with 
increased: right heart flow—atrial septal defect (10), 
atrioventricular defects (two), and pulmonary regur- 
gitation (three); or (b) lesions causing increased resis- 
tance to flow into the right ventricle—tetralogy of Fal- 
lot (five), pulmonary stenosis (one), complete trans- 
position (five), and ventricular septal defect associated 
with pulmonary hypertension (three) or with pulmo- 
nary stenosis (one). 


Increased pulmonary velocities 

All 17 patients with pulmonary jets were excluded 
from consideration. Fifteen of the remaining 39 (3896) 
had' increased pulmonary velocities. All of these 
patients had either increased pulmonary blood flow 
due to left to right shunts (13/15) or pulmonary valve 
regurgitation (2/15). Nevertheless, 10 of the 24 who 
had normal pulmonary artery velocities also had 
increased pulmonary flow. Twelve of the remaining 
14 with normal pulmonary velocities had left sided 
obstructive lesions—aortic stenosis (10), parachute 
mitral valve (one), or systemic hypertension (one). : 


Increased mitral velocities 


All but one (case 18, Table) of the 19 patients with ` 


increased mitral velocity had lesions that caused 
increased mitral flow— ventricular septal defect (five), 
ductus arteriosus (four), tricuspid atresia (one)—or 
defects which caused aortic outflow obstruction— 
aortic stenosis with or without coarctation (seven), 
and systemic hypertension (one). Normal mitral vel- 
, ocities were found in a variety of conditions— 
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tetralogy (nine), atrial septal defect of the secundum 
or endocardial cushion type (11), complete transposi- 
tion (six), pulmonary stenosis (four), ventricular sep- 


tal defect (two), ductus arteriosus (two), and aortic 
stenosis (three). 


Increased aortic velocities 

Six patients (1196) had increased aortic velocities, and 
only four of these were increased by more than 1096. 
All patients with a more than 10% increase had 
increased aortic flow due to a ductus arteriosus. Two 
others had minor increases, one with systemic hyper- 
tension and one with an atrial septal defect. АП 
remaining patients, including one with increased aor- 
tic flow due to a ductus arteriosus, had velocities 


within the normal range. 


Discussion 


The important finding of this investigation is. that 
many children with congenital cardiac malformations 
have blood velocities that exceed normal limits at sites 


. within the heart that do not contain stenotic lesions. 


Accordingly, erroneous conclusions might be reached 


-if velocities distal to the valve were used exclusively to 


calculate pressure gradients according to the modified 
Bernouilli equation. If the velocities proximal to the 
valves were neglected, the range of postvalve vel- 
ocities found in many of our patients would have led 
to the erroneous identification of stenotic lesions 
albeit of a relatively minor degree. Strong evidence 
that the increased distal velocities in this population 
were not due to stenotic lesions is shown by the pres- 
ence of equal or nearly equal velocities proximal and 
distal to the valve of interest. The results of this study 
clearly show that high velocity alone is not an indi- 
cator of valvar stenosis. We allowed a mean peak vel- 
ocity difference of 20 cm/s between the two sites 
before a stenosis was considered to be present because 
this value was the highest velocity difference across a 
valve observed while studying a normal group. 

The patient group was neither representative of the 
general population nor of the total population of chil- 
dren with cardiac malformations because, with the 
exception of those with a ductus arteriosus, all were 
selected for cardiac catheterisation. Accordingly, it is 
probable that a different percentage of individuals 
with increased velocities would be found in a different 
population. The important finding, however, is the 
existence of increased velocities rather than a measure 
of their precise occurrence rate. 

Two factors, increased flow and increased resis- 
tance to flow, were associated with increased peak 
velocity. Other, as yet unidentified, factors may also 
exist. Increased flow has been mentioned by Hatle 
and Angelsen as a cause of increased velocity,? and we 
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have reported data from a small series of patients with 
ductus arteriosus that substantiates this.!? The 
finding is not surprising because velocity must 
increase when a higher than normal volume is deli- 
vered through a conduit or orifice of fixed dimension 
assuming that all other factors remain unchanged. 
The present investigation was not designed to deter- 
mine the relation between peak velocity and flow 
because two other factors, the area through which 
flow passes and systolic time per beat, are also impor- 
tant in determining the peak velocity for any given 
flow rate. 

Mitral and aortic velocity almost always exceed 
tricuspid and pulmonary velocity in the normal sub- 
ject.5? This finding has been attributed to the rela- 
tively decreased distensibility of the left ventricle and 
systemic circulation compared with that of the right 
ventricle and pulmonary circulation. We are not, 
however, aware of any previous reports regarding the 
requirement of increased velocities to fill ventricles or 
vascular beds characterised by decreased compliance. 
Our findings in this respect remain descriptive 
because the present investigation was not designed to 
determine the precise magnitude of peak velocity 
required to distend a chamber or vascular bed of 
reduced compliance at a given flow. Such a study 
would not be possible on the basis of gradient or wall 
thickness alone. 

Pressures across valves were measured at catheter- 
isation using fluid filled catheters and pullback trac- 
ings rather than with two catheters with pressure 
manometers mounted at their tips. Accordingly, some 
small gradients could have been missed. Our Doppler 
methodology allowed a difference in velocity between 
the areas proximal and distal to the valve of 20 cm/s. 
This velocity difference could account for a pressure 
gradient of 1-4 mm Hg depending on whether it 
occurred at the lowest or highest measured velocity. It 
' seems unlikely that large gradients were missed by 
either method. Clearly, however, some patients with 
postvalvar velocities similar to those in the study had 
catheterisation and Doppler determined pressure gra- 
dients, sometimes called flow gradients, but these 
patients were excluded from this study by design 
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because we were concerned only with those patients 
who had an increased postvalve velocity in the 
absence of a measured pressure gradient. 

Some patients with increased flows or suspected 
decreased compliance had normal velocities. In these 
patients alterations in other factors—for example, 
conduit or orifice dimension or a long systolic 
time—may have permitted lower velocities. Neverthe- 
less the results suggest that increased velocities are 
often required to accommodate high flow rates and 
decreased compliance. 
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The duplex doppler sector probe 
The receiver lateral beam position can be 
adjusted to scan at varying depths. Opti- 
mum sensitivity occurs where the emitted 
signal (red dotted line) and the received 
and focussed beam (light blue dotted line) 
intersect 
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Recurring cardiac myxoma 
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SUMMARY Of a series of 14 patients surviving operation for atrial myxoma, two developed signs of 
recurrence of the tumour. In both cases the patients underwent two further separate operations for 
recurrent lesions. The time before the second recurrence was nearly 11 years and four and a half 
years. In neither case did histological examination show malignant change. 

These two cases of recurrent atrial myxoma, together with four other reported cases, indicate that 
a second recurrence may occur in about 2596 of patients with a first recurrence. Multiple foci of 
tumour growth is probably the explanation for recurrence in most cases. 


Myxoma is the only primary tumour of the heart to 
occur with any frequency. It arises from the endocar- 
dium, usually of the atrial septum, and grows into the 
left or right atrial cavity. Seventy five per cent of 
myxomas are in the left atrium, 2096 in the right 
atrium, and the remainder in one or other ventricle. It 
began to be recognised in life in patients undergoing 
mitral valvotomy and could be visualised by angiocar- 
diography. Echocardiography has greatly improved 
the promptness and the accuracy of clinical diagnosis. 
Crafoord in 1954 was the first to remove successfully a 
left atrial myxoma.! With open heart techniques sur- 
gical treatment has become safe and effective. 

It was in 1967; several years after surgical treatment 
became widely practised, that Gerbode et al encoun- 
tered the first recurrence.? They thought it occurred 
because the tumour had not been completely removed 
at the first operation and recommended wide resection 
of the atrial septum around the point of origin of the 
tumour. Read et al reported, however, a patient with 
recurrence after a myxoma had been removed with 
excision of the septum around its origin.? The recur- 
rent tumour arose from the atrial wall, not the site of 
the original myxoma. Jugdutt et al stressed that five of 
the nine recurrences then recorded in published 
reports had happened despite wide resection and 
patching of the atrial septum.* Their patient had a 
recurrence two and a half years after the original myx- 
oma was excised. When he died four years later there 
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were no less than six myxomas in the left atrium, one 
of which extended through the septum to the right 
atrium. There are three other reports of myxoma 
recurring for a second time.35® In one of them, 
O’Neil et al reported a patient who developed a 
recurrent myxoma on the annulus of the tricuspid 
valve four years after a left atrial myxoma was 
removed and a further recurrence in the right atrium 
eight years later. They emphasise that each recurr- 
ence was “upstream” from the one before and 
unlikely, therefore, to be caused by seeding from an 
earlier lesion. 

Cleveland et al reported a patient who had a myx- 
oma removed from the posterior wall of the left 
atrium.$ It recurred at the same point on the atrial 
wall. À second recurrence took place when there was a 
tumour on the posterior wall of the atrium together 
with multiple smaller myxomas elsewhere in the left 
atrium. They described the cellular pattern of the 
tumour as “more aggressive" with each recurrence, 
the second recurrence being malignant. 

We report two further cases of repeated recurrence 
of myxoma which we have encountered in a total 
experience of 15 patients with atrial myxoma, 14 of 
whom were operated on successfully. 


Patients and methods 


CASE REPORTS 

Case 1 

A 42 year old woman had suddenly developed severe 
pain in the left leg at the age of 18 years and was 
admitted to hospital for a few days in 1960. Six 
months later she again entered hospital with fatigue, 
breathlessness, and haemoptysis. There were presys- 
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tolic and systolic murmurs at the mitral area, the chest 
radiograph showed pulmonary congestion, and she 
was profoundly anaemic. She was thought to have 
rheumatic carditis and responded to steroid treat- 
ment. She relapsed a few weeks later and again 
entered hospital, being admitted this time to a differ- 
ent ward. The ward sister remembered having looked 
after her sister two years earlier, when she died of a 
left atrial myxoma. This information resulted in a 
reappraisal of her condition, when it was found that 
there were no arterial pulses below the femoral 
arteries in either leg. Pulmonary angiography showed 
a filling defect in the left atrium. In May 1961, under 
surface cooling, the left atrium was opened and a large 
myxoma removed. No attempt was made to resect the 
atrial septum around its point of origin, which was in 
the region of the fossa ovalis. She made a good recov- 
ery apart from bilateral intermittent claudication, 
which gradually disappeared, and occasional parox- 
ysmal tachycardia. She later had two uneventful preg- 
nancies. 

In October 1972, she developed pain and discolora- 
tion of the right forearm and hand followed by claudi- 
cation in the arm. Again there were systolic and dias- 
tolic murmurs at the mitral area. Pulmonary angi- 
ography showed a filling defect in the left atrium. In 
April 1973, during exploration of the right atrium 
under cardiopulmonary bypass, a small myxoma was 
found, which arose from the fossa ovalis. After this 
had been widely excised a second large filamentous 
myxoma was removed from the left atrium. The 
origins on the atrial septum of the two tumours were 
quite separate from one another. They were both 
removed together with a cuff of normal septum from 
around their origins and the septum repaired with a 
patch of Teflon. The completeness of the excision was 
confirmed by examining blocks of tissue taken from 
the excised portions of the atrial septum. She again 
made a good recovery apart from occasional parox- 
ysmal tachycardia. 

Early in 1984 she became unwell with dyspnoea on 
moderate exertion and a sense of profound malaise. 
She was quite certain that the myxoma had recurred. 
There was a long systolic murmur at the left sternal 
edge and suspicious echoes in the neighbourhood of 
the tricuspid valve on M mode echocardiography. At 
‘cardiac catheterisation there was a pronounced dias- 
tolic gradient across the tricuspid valve. Right atrial 
angiocardiography showed a large lobulated filling 
defect closely related to the ventricular aspect of the 
tricuspid valve. At her third operation, in February 
1984, we found an enormous myxoma which occupied 
most of the right ventricular cavity. It had multiple 
points of attachment to the papillary muscles, and to 
remove it completely the tricuspid valve had to be 
excised. There was a second small myxoma in the left 
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atrium which arose from the endothelium covering 
the Teflon patch previously placed in the atrial sep- 
tum. This also was removed. She developed atrial 
flutter a few days later which required DC cardiover- 
sion. 

The histology of the tumours removed at all three 
operations was that of benign myxoma with no 
suggestion of malignant change. 


Case 2 

A 47 year old man had collapsed with loss of con- 
sciousness and slurred speech in 196] when he was 23 
years old. We found no cause for this attack. Two 
years later he developed a right hemiparesis and focal 
epilepsy. Left carotid and vertebral arteriograms in 
1964 showed what were described as multiple 
angiomata in the left hemisphere, two previous 
carotid studies having been normal. At the time we 
believed this to be a primary vascular condition, but 
with hindsight the appearances closely resembled 
those subsequently reported in patients with cerebral 
embolus from left atrial myxoma.7^? In 1970, nine 
years after the first cerebral symptoms, he had a 
femoral embolus. Histology of the material removed 
at embolectomy showed the typical appearances of 
myxoma. There were no cardiac symptoms and no 
abnormal signs in the heart. Intracardiac pressures 
were normal, but pulmonary angiography showed a 
filling defect in the left atrium. In June 1970 a myx- 
oma 5 cm in diameter was removed from the left 
atrium together with its pedicle and an area of septum 
around its base. We repaired the septum by direct 
suture. He developed atrial flutter afterwards which 
required DC cardioversion. 

Fifteen months later he was taken ill with fever, 
breathlessness, slurred speech, and hyperaesthesia of 
the right side of the body. He had atrial fibrillation 
and pronounced pulmonary oedema. Pulmonary 
angiography showed a large filling defect in the left 
atrium. At operation in September 1971 we found a 
myxoma which arose from the atrial septum and 
which completely filled the left atrium. We removed 
the tumour together with the atrial septum around its 
point of origin, which was repaired with a patch of 
Teflon. Examination of blocks of the septal tissue 
confirmed that removal had been complete. 

He remained well until December 1975 when he 
suddenly lost consciousness with Adams-Stokes syn- 
cope. There was second degree heart block with 
Wenkebach phenomenon, and the ventricular com- 
plex showed right bundle branch block with left pos- 
terior fascicular block. These conduction abnor- 
malities resolved spontaneously. There were no 
abnormal signs on auscultation, and an M mode 
echocardiogram was normal. Angiocardiography 
showed a filling defect in the left atrium and another 
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Table 1 /ncidence of recurrence of atrial myxoma 
Authors No of cases Recurrences 
surviving operation 
Gerbode et al (1967)? 7 1 
Croxson et al (1977)!! 9 0 
Kabbani and Cooley (1973)? 17 1 
Chassignolle et al (1973)!5 10 1 
Puel et al (197315 5 1 
Hardin et al (1974)!5 12 1 
Sasaki et al (1977)!° 9 1 
O'Neil et al (1979)5 5 1 
Donahoo et al (1979)? 14 0 
Bulkley and Hutchins (1979)'* 12 0 
Richardson et al (1979)? 11 0 
Attar et al (1980)?! 6 1 
St John Sutton et al (1980)!* 39 2 
Cleveland et al (1983)* 15 1 
Marvasti et al (1984)?! 9 0 
Present series (1985) 14 2 
Total No (96) 194 13 (7) 





in the right ventricle. At a third operation in February 
1976, there was a large myxoma of the right atrium 
together with two small ones, a large myxoma of the 
right ventricle that affected the tricuspid valve, a 
myxoma in the left atrium which arose from 
endothelium covering the Teflon patch, and a further 
myxoma in the main pulmonary artery which 
extended into the left pulmonary artery. All six myx- 
omas were removed; the tricuspid valve was replaced, 
and a permanent pacing system implanted. He 
remained well eight years later. The histology of the 
tumour tissue removed at the three operations showed 
only the appearances of benign myxoma. 


Table 2 Reported cases of recurrent myxoma 


Discussion 


The largest series of patients with myxoma operated 
on in a single centre is that reported from the Mayo 
Clinic.!? Two out of 39 patients who survived oper- 
ation had recurrence, an incidence of 5-496. This may 
be an underestimate as half of their patients had been 
followed for less than 10 years. When 16 series of 
cases of atrial myxoma are added together, totalling 
194 patients who survived operation, there were 13 
with recurrence, an incidence of 796 (Table 1). 

We have found reports of 21 patients whose myx- 
oma recurred after surgical treatment, to which we 
have added the present two cases above (Table 2). 
Their ages ranged from 5 to 59 years at the first oper- 
ation. The sex was recorded in only 13 of the 23; nine 
of the 13 were male. This is surprising since primary 
myxoma occurs much more often in women than in 
men. The original myxoma was in the left atrium in 
every case, and in 14 the recurrence also was a single 
tumour in the left atrium. The recurrent tumour was 
in the right ventricle in one case, in another it 
involved the chordae and a cusp of the mitral valve, 
and in another it was on the tricuspid valve. There 
was more than one tumour in the other six patients: 
four had two or more tumours in the left atrium and 
two had recurrence in both left and right atrium. 
Recurrence has usually been within four years of the 
first operation (19 out of 23), but in our first case more 
than 10 years elapsed before the first recurrence, and 
in another it was not detected until 14 years after the 
first tumour was removed.!? 








Authors Age (yr) хех 
Gerbode et al (1967)? — 
Bahl et al (1969)?? 34/F 
Walton et al (1972)? — 
Kelly and Bhagwat et al (1972)?4 — 
Kabbani and Cooley (1973)? 19/F 
Mussini- Montpellier et al (1973)5 5/M 
Puel et al (1973)'4 15/M 
Chassignolle et al (1973)? — 
Maranhao et al (1973)2* — 
Read et al (1974P 39/M 
59/M 

Hardin et al (1974)! 5 — 
Zackai et al (1974)? 47M 
Tugdutt er al (1975 46M 
Dang and Hurley ( 1976)? 22/M 
Sasaki et al (1977)'6 
O'Neil et al (1979)5 18/M 
Attar et al (1980)2¢ — 
St John Sutton et af (1980)!9 — 
Cleveland et al (1983)* m 
Present series (1985) 

Case 1 19/F 

Case 2 32/M 





Site of primary Time of recurrence Site of recurrence 
myxoma 

LA 4 уг LA 

LA 6 yr 5 mnth LA 

LA 1 yr 10 mnth LA, RA 

LA 7 mnth LA 

LA 1 yr 5mnth LA (4) 

LA 2 yr LA 

LA lyr 2 mnth LA (2) 

LA 14 yr LA 

LA 3 yr 8 mnth LA 

LA 7 mnth Mitral valve 
LA 1 yr 3mnth LA* 

LA 2 yr 6 mnth LA 

LA ] yr 7mnth LA 

LA 2 yr 6 mnth LA (2)* 

LA 3 yr 7 mnth RV 

LA 8 mnth LA (multiple) 
LA 4 yr Tricuspid valve* 
LA — LA 

LA «3 yr LA 

LA <3 уг LA 

LA <4 yr LA* 

LA li vr 11 math LA, RA* 
LA l yr 3 mnth LA* 





LA, left atrium; RA, right atrium; RV, right ventricle. 
*Cases having a second recurrence (Table 3). 
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Table 3 Repeated recurrence of cardiac myxoma 
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Author .Sexlage(yr) at Site of original Time to first Site of first Time to second Site of second 
first operation myxoma recurrence recurrence recurrence recurrence 

Read et al (1974) М/59 LA 1 yr 3 mnth LA 7 mnth LA (2) 
Jugdutt et al (1975)* M/46 LA 2 yr 6 mnth LA (2) 3 yr 6 mnth LA (6), RA 
O’Neil et al (1979)5 M/18 LA 4yr Tricuspid valve 4 yr RA 
Cleveland et al (1983)6 F/48 LA «4 yr LA <4 yr LA (multiple) 
Present series (1985) 

Case 1 F/19 LA ll yr ll moth ІА, КА 10 yr 10 mnth КУ, tricuspid 

ede valve, LA 
Case 2 M/32 .LA 1 yr 3 mnth LA 4 yr 5 mnth TA PA, 





LA, left atrium; RA, right atrium; RV, right ventricle; РА, pulmonary artery. 


Four of the six patients in whom myxoma recurred 
for a second time were men (Table 3). The time that 
elapsed between the first and second recurrence was 
less than five years in five of the six, the time in the 
sixth (our case 1) being nearly 11 years. The six cases 
of a second recurrence of myxoma indicate that it is 
likely to occur in about 2596 of patients in whom a 
first recurrence has taken place. There was more than 
one tumour at the second recurrence in five of the six, 
more than one chamber being involved in three of 
them. . 

Incomplete removal of a myxoma at the first oper- 
ation might explain a few of the recurrences, especially 
when the operation had to be carried out hurriedly 
under hypothermia as in our first patient. Most of the 
recurrences, however, have followed more leisurely 
procedures using cardiopulmonary bypass, with wide 
excision of the atrial septum around the point .of 
origin of the tumour. Recurrences have also occurred. 


at a different site, even in a different cardiac chamber, * 


from the first myxoma. One of the recurring tumours 
in each of the present cases actually arose from 
endothelium covering a Teflon patch in the atrial sep- 
tum. Read etal suggested that implantation of 
tumour tissue from the primary myxoma might be 
responsible for some recurrences.3 This could happen 
either at operation or from damage to a large myxoma 
forced into the orifice of the mitral valve during atrial 
systole. This could explain only recurrences that were 
in the wall of the left atrium or in the mitral valve. - 

It is also possible that the recurrent tumours are 
quite distinct from the original myxoma and are the 
result of multiple foci of neoplastic change., The sev- 
eral reports of simultaneous development of. тоге 
than one cardiac myxoma favour this hypothesis. 
Nichols and Hennigar describe postmortem findings 
in a young woman who had one large and five small 
myxomas in the left atrium and another small myx- 
oma in the right atrium.?® All these seven myxomas 
had separate origins on the atrial septum. Other cases 
of multiple cardiac myxomas were reported by Frank- 
enfeld et al and Zajtchuk et al.2930 There may also be 


a genetic factor in the multiple incidence of myxoma.. 


Siltanen et al reported a patient who underwent 


surgery for myxomas that had developed simul- 
taneously in both atria.?! Three of her seven children 
also developed atrial myxoma. Our first patient with 
two recurrences of myxoma also had a familial inci- 
dence of the condition. 

Although myxoma is generally regarded as a benign 
tumour, there are reports of tumour emboli of myx- 
oma that have behaved in a malignant fashion. А 
patient reported by Read et al had a secondary growth 
on the sternum some years after a left atrial myxoma 
was removed: a biopsy specimen was reported as 
showing myxosarcoma.? In the case reported by 
Heath and Mackinnon there were multiple myxoma- 
tous infarcts in the lungs from a right atrial myx- 
oma.?? In some of these embolic lesions myxomatous 
tissue had invaded the media of the pulmonary 
arteries. Similar invasion of the wall of the cerebral 
arteries in myxomatous cerebral embolism was 
reported by New et al.? The histology of myxomas 


‘recurring: in the heart has not usually suggested 


malignant change, nor bas the histology of tumours 
which have recurred seemed in any way different 
from non-recurring myxoma. In only one case (Cleve- 
land et al), where myxoma recurred twice in the left 
atrium, was there progression of the histological 
appearance from benign to malignant.* 

Weighing up the four possible causes of 
recurrence—incomplete removal, seeding of tumour, 
multiple foci of tumour development, and malignant 
change—we believe that niultiple foci of tumour- 
growth best explain the condition in most cases. A few: 
cases might recur because of incomplete removal of 
the primary tumour, but this cannot possibly explain 
all the features of the recurring myxomas we have 


- described. Malignant change has been recognised in 


the tumour histology in. only one of the reported 
cases. The association of multiple tumours with a 
familial incidence of myxoma is an interesting feature, 
and the difference in the sex incidence of primary and 
recurring myxomas is an aspect. which remains unex- 
plained. 


We thank:Dr J W- Black, who carried^out careful 
histological studies of the surgical specimens from our 
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two patients, and Miss E M Edward of the Sir John 
Black Library for her assistance. 
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SUMMARY А male newborn infant with hypoplastic left heart and transposition of the great arteries 
died on the second day of life. The haemodynamic consequences of this malformation are consider- 
ably different from those of ordinary hypoplastic left heart syndrome because of pulmonary rather 
than aortic atresia. In the absence of cross sectional echocardiographic equipment, cardiac catheter- 
isation with angiography is necessary to delineate the anatomical picture. These two conditions have 
not apparently been reported before in association. . 


Hypoplastic left heart syndrome is defined clinically 
as severe underdevelopment of the left ventricle and 
atresia of the aortic or the mitral valve or both.! The 
incidence of this malformation accounted for 1-596 of 
15 105 cases of congenital heart defects.? To our 
knowledge hypoplastic left heart syndrome in combi- 
nation with complete transposition of the great 
arteries has not been previously reported.23 We 
report a male infant with this malformation. 


Case report 


А male infant was born after an uneventful pregnancy 
and delivery (birth weight 3-81 kg). He was transfer- 
red to our hospital several hours after birth because of 
progressive cyanosis and tachypnoea. Physical exami- 
nation also showed a slightly accentuated precordial 
impulse and a normal first and a single second heart 
sound. А short systolic murmur (grade 2/6) was heard 
along the left sternal edge. The liver edge was palp- 
able 3 cm below the right costal margin, and the 
brachial and femoral artery pulses were normal. 


INVESTIGATIONS 

The electrocardiogram showed right axis deviation 
and right ventricular hypertrophy with a net negative 
deflection over the left precordium. The chest radio- 
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graph showed an enlarged heart and reduced pulmo- 
nary vasculature. The liver was on the right and the 
stomach on the left side. 

Echocardiography—The M mode echocardiogram 
(Fig. 1a) showed hypoplasia of the posterior (left) ven- 
tricle (left ventricular end diastolic dimension <10 
mm), a hypoplastic posterior (mitral) atrioventricular 
valve, an enlarged anterior (tricuspid) atrioventricular 
valve, and an enlarged anterior (right) ventricle. 
There was also a large anterior vessel arising from the 
anterior ventricle and a small posterior vessel overrid- 
ing the ventricular septum but without access to 
either of the two ventricles. The suprasternal notch 
view indicated that the hypoplastic vessel was the 
pulmonary artery. This interpretation was confirmed 
subsequently by cardiac catheterisation and angiogra- 
phy. 

Haemodynamic data—There was systemic pressure 
in the right ventricle and no gradient to the ascending 
aorta (Table). The oxygen saturation percentages 
indicated an interatrial left to right shunt. 

Angiography of the left atrium, right ventricle, and 
the ascending aorta showed a small left atrium and an 
intense backflow of contrast medium into the pulmo- 
nary veins. The left ventricle was not opacified (Fig. 
1b). Instead the contrast medium passed from the left 
to the right atrium and hence into the right ventricle, 
from which opacification of the anteriorly placed 
ascending aorta occurred. A hypoplastic pulmonary 
artery was filled from the distal aortic arch through a 
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Fig. 1 (a) M mode echocardiogram in parasternal view showing hypoplasia of the posterior (left) ventricle (left ventricular end 
diastolic dimension <10 mm), a hypoplastic posterior (mitral) valve (MV), and an enlarged anterior (right) ventricle (RV) and 
tricuspid valve (TV). IVS, interventricular septum. (b) Left atrial angiogram in the anteroposterior view showing filling of the left 
atrium (LA) and the pulmonary veins (PV) and reflux of contrast media into the right atrium (RA); there was no opacification of a left 
ventricle. (c) Left atrial angiogram in the lateral projection showing opacification of the left atrium (LA), filling of the right ventricle 
(RV) by a left to right interatrial shunt, and a discordantly connected aorta (AO). Opacification of the hypoplastic posterior pulmonary 


artery (PA) occurred via a persistent ductus arteriosus. 


small ductus arteriosus (Fig. 1c). 

Diagnosis—Situs solitus with atrioventricular con- 
cordance and ventriculoarterial discordance (complete 
transposition of the great arteries), atresia of the 
mitral (imperforate valve) and pulmonary valves, 
hypoplasia of the left ventricle, and a patent foramen 
ovale were diagnosed. 

Necropsy— The patient died on the second day of 
life. The diagnosis was confirmed at necropsy. The 
left atrioventricular valve was imperforate and the 
valve annulus small. The left ventricle was a slit like 








Table Haemodynamic data 

Site Pressure (mean) Oxygen saturation 
(mm Hg) (96) 

Superior vena cava Е 30 

Mid right atrium 7/0 (1) 43 

Inferior vena cava — 36:5 

Right ventricle 80/0 (10) 40 

Ascending aorta 80/50 (63) 42 

Left atrium 11/0 (2:5) 95 





Systemic blood flow 8:3 l/min m". 
Pulmonary blood flow 1-2 l/min m". 
Effective pulmonary blood flow = 1-1 l/min m? 
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Fig. 2 Morphological appearance of (a) the hypoplastic left ventricle (LV) and the pulmonary artery ( PA) and (b) the enlarged 
grossly trabeculated night ventricle (RV) giving nse to a large aortic root. 


chamber, which showed a typical left ventricular 
morphology with smooth trabeculation. There was no 
endocardial fibroelastosis (Fig. 2a). The pulmonary 
valve consisted of three leaflets which were fused at 
their commissures, thus forming an imperforate 
valve. The valve ring and the pulmonary trunk were 
hypoplastic up to the bifurcation. The right ventricle 
was enlarged and showed gross trabeculation. The 
wide aortic root was connected to a non-restrictive 
right ventricular infundibulum, and the aortic valve 
leaflets were tricuspid and not stenotic ( Fig. 2b). The 
right coronary artery originated from the posterior 
sinus and the left from the left sinus of the aortic 
valve. The foramen ovale was patent and the ductus 
arteriosus persisted. No other associated anomalies 
were found. 


Discussion 


To our knowledge hypoplastic left heart syndrome 


with transposition of the great arteries has not previ 
ously been reported.?? One case of aortic artresia in 
association with complete transposition of the great 
arteries but without hypoplastic left ventricle and 
mitre! atresia has been reported.* Transposition, ven 
tricular septal defect, and severe pulmonary stenosis 
or atresia occur in about 5% of neonates with trans 
position.‘ 

The haemodynamic consequences of this malfor- 
mation are considerably different from those of the 
ordinary hypoplastic left heart syndrome with regard 
to the blood supply to the systemic and the pulmonary 
circulations. The physiology, of course, is also differ 
ent from that in simple transposition of the great 
arteries and resembles that in univentricular heart 
with pulmonary atresia. The physical and radio- 
graphic findings (normal pulses and diminished pul 
monary vasculature) do not therefore suggest hypo- 
plastic left heart syndrome. The electrocardiogram 
and the M mode echocardiogram may indicate left 
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heart hypoplasia but are not reliable in detecting ven- 
triculoarterial discordance. With echocardiography, 
however, an imperforate atrioventricular valve may be 
differentiated from an absent connection.® With cross 
sectional echocardiography a correct diagnosis may 
also be established without major difficulty. In the 
absence of cross sectional echocardiographic equip- 
ment, cardiac catheterisation with angiocardiography 
is necessary to delineate the anatomical picture: 
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Ventricular tachycardia induced by clonidine 


withdrawal 


SUSUMU NAKAGAWA, YOSHITAKA YAMAMOTO, YASUSHI KOIWAYA 
From the First Department of Internal Medicine, Miyazaki Medical College, Kiyotake, Miyazaki, Japan 


SUMMARY Ventricular tachycardia developed after the abrupt withdrawal of clonidine in a patient 
with atrial septal defect of the ostium secundum type, renal insufficiency, and hypertension. Ven- 
tricular tachycardia was completely suppressed by intravenous phentolamine, which contrasted with 
the limited effectiveness of intravenous lignocaine and procainamide. Sublingual glyceryl trinitrate 

. or inhaled amyl nitrate reduced the blood pressure to a level similar to that after phentolamine but 
had no effect on the ventricular tachycardia. Ventricular tachycardia was probably produced by 
humoral or neural stimulation, or both, of upregulated myocardial alpha adrenoceptors. 


It is known that the abrupt withdrawal of clonidine 
hydrochloride (clonidine) is often associated with a 
syndrome characterised by excessive efferent sym- 
pathetic activity producing raised serum 
catecholamine concentrations and clinical manifesta- 
tions similar to those in pheochromocytoma.'!~4 


Although frequent atrial and ventricular extrasystoles . 


have been reported,! serious ventricular arrhythmias 
are rare in the clonidine withdrawal syndrome. To our 
knowledge, only one case of ventricular fibrillation 
has been reported 12 hours after the withdrawal of 
clonidine during aortocoronary bypass surgery.” 

We report a patient with atrial septal defect of the 
ostium secundum type, chronic renal failure, and 
hypertension, who experienced paroxysmal ventricu- 
lar tachycardia two days after stopping oral clonidine. 


Case report 


A 60 year old woman with atrial septal defect had an 
eight year history of hypertension and intermittent 
pretibial oedema. Her blood pressure was 165/ 
105 mm Hg, and she was treated with 0-45 mg 
clonidine daily. One month later her blood urea 
nitrogen concentration was 18:9 mmol/l (53-0 mg/ 
100 ml) and serum creatinine concentration 
203 mmol/l (2-3 g/100 ml). She was admitted to our 
clinic for further evaluation of progressive oedema 
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eight months later. Two days before admission she 
had stopped taking clonidine (Fig. 1). 

On admission, her height was 148 cm, weight 
46 kg, body temperature 36-3?C, and blood pressure 
130/80 mm Hg. No cyanosis was noticed. The jugular 
veins were slightly distended and minimal pretibial 
pitting oedema was present. The pulse was irregular 
at a rate of 120 beats/min, the respiratory rate was 
18/min, and a grade 3/6 early systolic murmur was 
heard most clearly in the third intercostal space at the 
left sternal border. The two components of the second 
heart sound were widely separated, which was 
confirmed by a phonocardiogram. The resting elec- 
trocardiogram showed normal sinus rhythm with 
paroxysmal ventricular tachycardia (Fig. 2a) and 
inverted T waves in the precordial leads. 

А chest radiograph showed increased pulmonary 
markings, a pronounced convexity of the cardiac 
shadow to the right of the sternum, a normal sized 
aortié knuckle, and a prominent pulmonary knuckle. 
M. mode and cross sectional echocardiograms showed 
an enlarged right ventricle, paradoxical motion of the 
interventricular septum, a narrow left ventricular 
outflow tract, and a high D point of the mitral valve. 

Serum sodium concentration was 148 mmol/l, 
potassium 4-9 mmol/l, chloride 111 mmol/l, bicarbo- 
nate 16.2 mmol/l, calcium 77 mg/l, phosphorus 
62 mg/l, lactate dehydrogenase activity 564 ГОЛ, 
serum aspartate aminotransferase activity 46 ГОЛ, 
serum alanine aminotransferase activity 48 ГОЛ, and 
creatine phosphokinase activity 131 IU/. Packed 
cell volume was 36:896, haemoglobin 11-8 g/dl, red 
blood cell count 4-13 х 10'2/1, and white blood cell 
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count 6:9 x 10°/1. Blood urea nitrogen concentration 
was 32 mmol/l (90-2 mg/100 ml), creatinine 
486 «mol/l (5-5 mg/100 ml) and calculated creatinine 
clearance 9-24 ml/min. Urine analysis showed 
400 mg/l of protein. 

Blood pressure rose gradually to 220/120 mm Hg 
by midday of the second hospital day (Fig. 1). 
Nausea, vomiting, and cold sweats developed con- 
comitantly, and the intervals between episodes of 
paroxysmal ventricular tachycardia were shorter (Fig. 
2b). Serum adrenaline and noradrenaline concentra- 
tions appreciably increased (3-2 nmol/l (0-59 ng/ml) 


and 15-6 nmol/l (2-64 ng/ml) respectively) (Fig. 2c),’ 


and a diagnosis of clonidine withdrawal syndrome was 
made. 


Intravenous lignocaine 100 mg and procainamide 
200 mg failed to suppress the ventricular tachycardia 
completely. Nevertheless, an intravenous injection of 
10 mg phentolamine completely suppressed ventricu- 
lar tachycardia within two minutes with a decrease in 
blood pressure and pronounced symptomatic 
improvement (Figs. 2b and c). Repeated doses of 
phentolamine achieved similar results, while serum 
catecholamine concentrations were unchanged by 
phentolamine after 30 minutes (Fig. 2c). To examine 
the effects of the fall in blood pressure and afterload 
reduction of arrhythmias, we gave glyceryl trinitrate 
or amyl nitrate. Sublingual glyceryl trinitrate 0-3 mg 
decreased arterial pressure from 196/106 mm Hg to 
170/102 mm Hg, and the inhalation of amyl nitrate 
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Fig.2 (а) Electrocardiogram (lead V2) (W denotes Р ware), (b) continuous electrocardiogram (lead CMS) before and after 
intravenous phentolamine, and (c) chronological changes in blood pressure, serum adrenaline , and noradrenaline concentrations , and 


frequency of wide ORS complexes (@ denotes number of episodes 


of ventricular tachycardia (73 consecutive wide QRS complexes) ) 


before and after intravenous phentolamine. Repetitive runs of ventricular tachycardia were recorded and were suppressed completely 


two minutes after intravenous phentolamine. 
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from 184/116 mm Hg to 160/106 mm Hg. Neither 
agent, however, affected the occurrence or frequency 
of episodes of ventricular tachycardia. 

Renal function progressively deteriorated after 
admission, with the blood urea nitrogen concentration 
rising to 46-4 mmol/l (130 mg/100 ml) and potassium 
concentration to 6-2 mmol/l. We began treatment 
with 0:225 mg clonidine and 8 mg prazosin daily on 
the third and fourth hospital day respectively, which 
lowered the blood pressure to 120/90 mm Hg within 
12 hours and symptoms subsided within 48 hours. 
The number of episodes of ventricular tachycardia 
decreased gradually, and the arrhythmia did not recur 
after the ninth hospital day (Fig. 1). The concentra- 
tions of blood urea nitrogen, creatinine, and serum 
potassium fell to the values before admission on the 
ninth hospital day. 

The clinical course was uneventful with treatment 
until two months later, when she developed severe 
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headaches with neck rigidity. She collapsed suddenly 
and cardiopulmonary resuscitation was unsuccessful. 
Necropsy showed a massive subarachnoid haemor- 
rhage secondary to rupture of an aneurysm of the left 
anterior communicating artery, a large ostium secun- 
dum defect, and chronic glomerulonephritis. No evi- 
dence of pheochromocytoma or significant coronary 
atherosclerosis was found. 


Discussion 


In our patient, in whom paroxysmal ventricular 
tachycardia occurred after abruptly stopping 
clonidine, the arrhythmia was probably a manifesta- 
tion of clonidine withdrawal since it occurred in con- 
junction with other clinical evidence of this syndrome 
including raised serum catecholamine concentra- 
tions. Furthermore, intravenous phentolamine or oral 
clonidine (the usual therapeutic drugs for the 
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clonidine withdrawal syndrome) was more effective 
in controlling ventricular tachycardia than other regu- 
larly used antiarrhythmic agents. 

The mechanism of ventricular tachycardia associ- 
ated with clonidine withdrawal is unknown. 
Nevertheless, there are several possible theories. 
Firstly, high blood pressure is known to aggravate 
catecholamine induced arrhythmias.? The effective- 
ness of phentolamine in suppressing ventricular 
tachycardia in this patient might have been due to the 
accompanying fall in blood pressure. This possibility 
is, however, unlikely since sublingual glyceryl trini- 
trate or inhaled amyl nitrate, sufficient to reduce 
blood pressure to the level similar to that after phen- 
tolamine, had no effect on ventricular tachycardia. 

Secondly, ventricular tachycardia might have been 
caused by direct stimulation of the myocardial 
adrenoceptors by circulating catecholamines or car- 
diac sympathetic nerves. The notable effect of phen- 
tolamine on ventricular tachycardia in contrast to the 
limited effectiveness of the usual antiarrhythmic 
drugs strongly suggests that alpha adrenergic mechan- 
isms меге. involved..in. the. genesis -of* ventricular 
tachycardia. A beta blocker was not given because of 
possible worsening of the withdrawal syndrome.! ^ 

Recently, the presence of myocardial alpha recep- 
tors has been reported experimentally, and their role 
in the genesis of some specific cardiac arrhythmias has 
been clarified. Picrotoxin, a central nervous system 
stimulant, produces demonstrable ventricular 
tachyarrhythmias in animals,’ and these tachyar- 
rhythmias can be suppressed by phentolamine but not 
by propranolol. These arrhythmias are thought to be 
caused by stimulation of myocardial alpha receptors 
by cardiac sympathetic nerves or by circulating 
catecholamines released from the adrenal gland or 
both. Cor and Crafford and Sheridan et al found 
alpha blockade to be effective in suppressing ventricu- 
lar tachyarrhythmias induced by coronary artery 
reperfusion in cats.68 They found an increased 
number and affinity of myocardial alpha receptors in 
this experimental model.$ 

It is likely that sympathetic hyperactivity associated 
with clonidine withdrawal involves predominantly 
alpha adrenergic mechanisms since alpha blockers 
usually relieve the clinical symptoms of clonidine 
withdrawal, while beta blockers occasionally make 
them worse.! ^^ Why alpha adrenergic hyperactivity 
predominates in this syndrome is not known, but it is 
likely that upregulation of alpha adrenergic receptors 
occurs after the abrupt withdrawal of clonidine.* 

Clonidine reduces the release of noradrenaline into 
the synapse, acting as a presynaptic alpha receptor 
agonist, and, furthermore, behaves as an alpha 
adrenergic antagonist postsynaptically. Thus sus- 
tained treatment with clonidine results in a loss of 
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noradrenaline-receptor interaction at the synapse with 
an increase of alpha receptor concentration postsynap- 
tically.?!? The abrupt withdrawal of clonidine results 
in increased efferent sympathetic outflow with 
enhanced release of catecholamines from the adrenal 
gland and sympathetic nerve endings.* Increased 
activation of synaptic alpha receptors, which had 
increased in number or affinity or both, by the 
enhanced adrenergic stimulus results in a withdrawal 
syndrome. Ап increase in the alpha receptors of the 
ventricular myocardium after long term treatment 
with clonidine has been reported.'? In the present 
case increased sympathetic outflow to the heart and 
raised serum catecholamine concentrations would 
have stimulated the increased cardiac alpha receptors 
and thus induced ventricular tachycardia. The antiar- 
rhythmic action of phentolamine would have been 
mediated by the inhibition. of cardiac alpha recep- 
tors. 

The antiarrhythmic effect of phentolamine could 
have been exerted in the central nervous system, but 


.such a mechanism was.probably not predominant 
'since phentolamine penetrates the blood-brain barrier 


poorly, while a bolus injection of 10 mg phentolamine 
was sufficient to suppress ventricular tachycardia 
within two minutes. It is not likely that the minor 
quinidine like antiarrhythmic action of phen- 
tolamine!! played an important role in our case, since 
other regularly used antiarrhythmic agents with 
quinidine like action were not as effective as phen- 
tolamine. | 

Our case was complicated by chronic 
glomerulonephritis with renal insufficiency, long 
standing hypertension, and atrial septal defect, which 
might have predisposed to ventricular tachycardia. 
Renal insufficiency would have resulted in a high 
blood concentration of clonidine and led to the with- 
drawal syndrome since clonidine is excreted mainly 
by the kidney.? 
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Resolution of right atrial thrombus shown by serial 
cross sectional echocardiography 


ALLEN K BROWN, VALERIE ANDERSON 


From the Cardiac Department, Royal Lancaster Infirmary, Lancaster 


sUMMARY A 78 year old woman with congestive cardiac failure developed pulmonary embolism. 
Cross sectional echocardiography detected an undulating fusiform mass attached to the lateral wall 
of the right atrium and protruding through the tricuspid valve. Serial cross sectional echocardio- 
grams showed a reduction in the size of the mass, and by three months the mass was immobile and 
attached by a broad base to the lateral atrial wall. The mass was assumed to be a thrombus, and 
treatment with heparin and oral anticoagulants appeared to prevent the development of further 


pulmonary emboli. 


Right atrial thromboemboli are rarely diagnosed clini- 
cally, but reports of their recognition by cross sec- 
tional echocardiography have appeared recently. ^? 
As no series of patients is available it is necessary to 
build up a picture of the value of the technique from 
case reports. The information needed is: whether 
cross sectional echocardiography can differentiate 
between thrombus and tumour; whether abnormal 
echoes originate in situ or migrate from peripheral 
veins; and whether the appearance and character of 
the echoes can help in deciding optimum treatment. 
Here we describe a patient who presented with pul- 
monary embolism and cross sectional echocardiog- 
raphic evidence suggesting a right atrial thrombus 
protruding through the tricuspid valve. 


Case report 


A 78 year old woman was admitted in congestive car- 
diac failure. She gave a 10 year history of atrial fibril- 
lation, hypertension, and thyrotoxicosis. Auscultation 
showed a pansystolic murmur at the apex. One week 
later she developed pleuritic pain with haemoptysis, 
which was thought to be caused by а pulmonary 
embolus. Cross sectional echocardiography before the 
probable embolus had shown a considerable amount 
of pericardial fluid and mitral annular calcification. A 
week later the pericardial effusion had resolved, but 
the right atrium contained a large mobile mass pro- 
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truding through the tricuspid valve (Fig. 1). This 
fusiform mass undulated, had a distinct acoustic mar- 
gin, and was attached to the lateral wall of the right 
atrium. 

А week later the cross sectional appearance of the 
mass showed that it had reduced in length and was no 
longer protruding through the tricuspid valve. She 
was treated with oral anticoagulants after an initial 
course of heparin, and no clinical or radiographic 
signs of recurrent embolism developed subsequently. 
Three months after the initial demonstration of the 
mass the echocardiogram showed a broad based, ses- 





Fig. 1 


Cross sectional echocardiogram in the short axis view at 
left sternal border showing clot (arrow) attached to right atrial 
wall and protruding through tricuspid valve (TV). 
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Fig. 2 


Cross sectional echocardiogram in the short axis 
parasternal view showing sessile clot (arrows) on the lateral wall 
of the right atrium 


sile mass on the lateral wall of the atrium at the site of 
the original attachment (Fig. 2). 


Discussion 


Using cross sectional echocardiography, right atrial 
thrombi have been shown to be free floating,? 36 ses- 
sile with a broad attachment to the atrial wall,* or 
pedunculated,*? as in the present case. Deduction 
from individual case reports may be misleading. Thus 
Redish and Anderson described the mass in their 
рапепї as homogenous and regarded the lack of a 
discrete attachment point as favouring a diagnosis of 
clot,^ whereas Manno et al stated that the typical 
appearance of an atria thrombus was a non- 
homogeneous, immobile mass with a broad based 
attachment to the atrial wall.* 

The main problem in diagnosis is to differentiate 
between thrombi and tumours. Myxoma is likely if an 
attachment to the interatrial septum is shown, but 
right atrial thrombus fixed to the interatrial septum 
has been described in one patient.” Attachment of a 
pedunculated mass to the lateral wall of the right 
atrium in our patient and that of Come? favoured 
thrombus or embolus. The nature of the mass in our 
patient was further suggested by the undulating 
motion of the elongated echoes and particularly by the 
reduction in size and the alteration in movement of 
the mass over the subsequent three months. During 
that period there was no clinical or radiographic evi- 
dence of further pulmonary emboli, which suggests 
that the echo findings resulted from resolution of the 
thrombus by retraction against the atrial wall rather 
than by breaking off of pieces of thrombus. Myxoma 
could have reduced in size only if myxomatous tissue 
had broken off to cause pulmonary embolism. 


Brown, Anderson 


It is impossible to be certain echocardiographically 
whether the right atrial mass in this case was a throm- 
bus developing in situ or whether it represented an 
embolus from deep veins. We have referred to the 
mass as a thrombus because of the absence of any 
clinical evidence of peripheral venous thrombosis, the 
low cardiac output state, and the attachment to the 
atrial wall. Local thrombosis is certain only in patients 
with foreign bodies such as catheters* or a Le Veen 
shunt! in the right atrium. 

On detection of a right atrial thrombus or embolus 
by cross sectional echocardiography the choice is be 
tween medical treatment with anticoagulants, strep 
tokinase, or antiplatelet aggregation treatment and 
surgical management. Patients with these right atrial 
masses are at risk of sudden death from obstruction of 
the tricuspid orifice or right ventricular outflow tract 
and from pulmonary embolism. One patient treated 
with streptokinase died, as did one receiving aspirin 
and dipyridamole,’ and necropsy showed right ven- 
tricular outflow tract obstruction by thrombus? in a 
further patient who had died before planned arterio 
graphy and surgery. 

The use of streptokinase has been questioned 
Starkey and de Bono thought that partial dissolution 
of the thrombus could have led to death from pulmo 
nary emboli in their patient,’ and Come speculated 
that streptokinase could deplete plasminogen and 
promote thrombus growth.** Operation was ruled 
out in our patient because of her general frailty, but 
heparin followed by oral anticoagulants appeared to 
be successful in permitting resolution of the right 
atrial thrombus. The general clinical condition of a 
patient may dictate whether surgery is advisable, and 
patients such as ours with longstanding, irreversible 
heart disease are unlikely to obtain prolonged benefit 
from operation. 

Cross sectional echocadiographic investigation 
should be performed in all patients with pulmonary 
emboli, as van Kuyk et al suggested,’ but would entail 
a major increase in workload in many laboratories, 
and, until the prevalence of cross sectional echocar 
diographically detectable right sided thrombi in such 
patients is known, this advice seems premature. At 
present severely ill patients with pulmonary emboli 
and particularly those considered for pulmonary 
embolectomy, should undergo sectional 
echocardiography. 


cross 


References 


1 Stern MJ, Cohen MV, Fish B, Rosenthal R. Clinical 
presentauon and non-invasive diagnosis of right heart 
masses. Br Heart ў 1981; 46: 552-8. 

2 Rosenzweig MS, Nanda NC. Two-dimensional echocar 
diographic detection of circulating right atrial thrombi 
Am Heart 7. 1982; 103: 435—6. 


Resolution of right atrial thrombus shown by serial cross sectional echocardiography 661 


3 Starkey IR, de Bono DP. Echocardiographic 
identification of right-sided cardiac intracavitary throm- 
boembolus in massive pulmonary embolism. Circulation 
1982; 66: 1322-5. 

4 Manno BV, Panidis IP, Kotler MN, Mintz GS, Ross J. 
Two-dimensional echocardiographic detection of right 
atrial thrombi. Am J Cardiol 1983; 51: 615—6. 

5 Come PC. Transient right atrial thrombus during acute 
myocardial infarction: diagnosis by echocardiography. 
Am J Cardiol 1983; 51: 1226-8. 

6 Redish GA, Anderson AL. Echocardiographic diagnosis 


of right atrial thromboembolism. 7 Am Coll Cardiol 
1983; 1: 1167-9. 

7 van Kuyk M, Mols P, Englert M. Right atrial thrombus 
leading to pulmonary embolism. Br Heart F 1984; 51: 
462-4. 

8 Riggs T, Раш MH, DeLeon S, Ilbawi M. Two dimen- 
sional echocardiography in evaluation of right atrial mas- 
ses: five cases in pediatric patients. Ат 7 Cardiol 1981; 
48: 961—6. А 

9 Come PC. Origin of transient right atrial thrombus dur- 
ing acute myocardial infarction [Letter]. Am ў Cardiol 
1984; 53: 990. 


Br Heart F 1985; 53: 662-87 


Proceedings of the British Cardiac Society 


THE 64TH ANNUAL GENERAL MEETING of the British 
Cardiac Society was held at the University of 
Birmingham on Wednesday and Thursday, 17 and 18 
April 1985. The President, M F OLIVER, took the 
Chair during private business. 

'The following were elected to the British Cardiac 
Society. 


New Ordinary Members: F Akhras (London); L D 
Allan (Kent); S H Armistead (Glamorgan); M Been 
(Edinburgh); N A Boon (Oxford); H Brown (Newcas- 
tle); C Bull (London); J E Burns (Edinburgh); ) С 
Catford (Hampshire); S Chierchia (London); C M 
Dancy (London); M K Davies (Birmingham); ) E 
Deanfield (London); N G Dewhurst (Edinburgh); S J 
Edmondson (London); B E Griffiths (Cardiff); D J 
Gwilt (Buckinghamshire); ] D S Higginson (Co 
Down); ) D Hill (Derbyshire); C J Hilton (Newcas- 
tle); D W Holt (London); P M Holt (Hertfordshire); 
E Jackson (Lincoln); M P G Jamieson (Glasgow); O D 
H Jones (London); H Larkin (Harrogate); P Magee 
(London); M A Martin (Cheshire); J] McComb (Bel- 
fast); W J McKenna (London); C A Morley (Leeds); 
A Murray (Newcastle); ] B O'Riordan (London); C 
Pumphrey (London); I J Reece (Glasgow); R H Rob- 
son (Carlisle); F P Shabbo (London); L M Shapiro 
(London); D F Shore (Southampton); H Singh (Car- 
diff); R H Smith (Cleveland); A D Timmis (London); 
B D Vallance (Glasgow); J Weir (Kincardineshire); C 
Wilson (Co Antrim); N Wilson (Leeds). 


New Corresponding Members: A C Arntzenius (Nether- 
lands); P  Avogaro (Italy); R Conti (USA); 
L Ceremuzynski (Poland); T Killip (USA); B Pitt 
(USA); T W Smith (USA); A Waldenstrom (Sweden); 
J V Warren (USA). 


New Extraordinary Members: D H Makinson, J Nor- 
man, G B Shaw, D S Short, R E Steiner. 


Resignations: J R Belcher, J M Bishop, J Dark, M B 
Matthews, A D McInnes, D Verel. 


Death: D C Muir. 


Elections 
D G Julian elected President; J Н $ Horgan and 
M Petch elected to Council. 


Abstracts of papers 


Natural history of patients following intravenous 
thrombolytic therapy for acute myocardial 
infarction 


R S Hornung, D Walker, K J Hogg, N Hockings, 
F G Dunn, W S Hillis 

Departments of Materia Medica and Cardiology, 
Stobhill General Hospital, Glasgow 


Intravenous thrombolytic therapy (BRL 26921) was 
administered to 48 patients (31 male, 17 female; mean 
age 61 years) within six hours from the onset of symp- 
toms. The group was comprised of 23 anterior and 25 
inferior infarctions. Reperfusion of the infarct related 
vessel was confirmed angiographically in 42 (87%) 
patients, and of these, nine (21%) subsequently 
reoccluded. Reocclusions occurred between 2 and 11 
days postmyocardial infarction and most commonly 
occurred in patients with severe residual narrowing of 
the reperfused vessel with poor anterograde flow or in 
patients where anticoagulant control was suboptimal. 
There was no correlation between reocclusion and the 
age or sex of the patient or the time to administration 
of thrombolytic treatment or the number of diseased 
vessels present. 

All patients underwent follow up for at least six 
months and up to 12 months. Nine deaths occurred, 
all within 17 days of myocardial infarction, and these 
include six patients who showed no evidence of reper- 
fusion or subsequently reoccluded. The other three 
deaths were among the 33 patients in whom coronary 
artery reperfusion was demonstrated and vessel 
patency was maintained. During the follow up period 
eight (17%) patients subsequently developed angina 
associated with a positive exercise test, and four of 
these were treated successfully with surgery. One 
perioperative death occurred. 

Therefore, intravenous thrombolytic therapy with 
BRL 26921 resulted in a high reperfusion rate, but 
failure to achieve reperfusion or subsequent reocclu- 
sion was associated with an approximately fourfold 
increase in short term mortality. Residual coronary 
artery stenoses may result in further ischaemic 
episodes for which coronary angioplasty or surgery 
may be indicated. 


Reocclusion following coronary reperfusion: 
incidence, time course and consequences 


M Been, D P de Bono, A L Muir 
Departments of Medicine and Cardiology, Royal 
Infirmary, Edinburgh 
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А severe residual stenosis is common following acute 
coronary thrombolysis, and there is concern regarding 
the further “natural history" of these lesions. In a 
series of 50 patients with a first myocardial infarction 
and successful coronary thrombolysis with acylated 
streptokinase, further episodes of pain occurred in 18. 
Reocclusion was suggested in nine patients by a sec- 
ond rise in cardiac enzymes and demonstrated at 
angiography in one without creatine kinase elevation. 
The standard postreperfusion regimen was heparin 
for five days followed by warfarin for 3-6 months 
except when contraindicated. Forty four were main- 
tained on anticoagulation and reocclusion occurred in 
seven (1696) of these compared with three of six 
patients in whom anticoagulation was not maintained 
(5096). Reocclusion occurred at a median time of nine 
days after initial reperfusion. 

Radionuclide ejection fraction was measured 
routinely at 10 days and again after reocclusion if this 
occurred later than 10 days. In the group with both 
measurements the left ventricular ejection fraction fell 
by 1096 (mean) following reocclusion. Intervention 
coronary artery bypass graft (CABG) or percutaneous 
transluminal coronary angioplasty (PTCA) was per- 
formed in 11 at a median time of eight weeks (range 
two weeks to 11 months) in patients thought to be at 
risk of reocclusion causing extensive infarction. 

Our results suggest that anticoagulation is impor- 
tant in maintaining reperfusion. Reocclusion occurs 
most commonly within the first two weeks following 
reperfusion with acylated streptokinase and may be 
maintained without major additional interventions. 
The place of CABG and PTCA following coronary 
reperfusion requires further study. 


Intravenous acyl streptokinase plasminogen 
complex in acute myocardial infarction 


Susan Lewis, S Ikram, C Bucknall, N Thomas, 
R Vincent, D Chamberlain 
Royal Sussex County Hospital, Brighton, Sussex 


The use of intravenous streptokinase for patients with 
suspected acute myocardial infarction has been 
examined in a district hospital. One hundred and 
twelve patients with onset of major symptoms within 
four hours were randomly allocated to receive BRL 
26921, an acylated streptokinase-plasminogen com- 
plex (55 patients), or conventional treatment alone (57 
patients). All had typical symptoms with electrocar- 
diographic changes including ST segment elevation. 
Fewer patients in the active treatment group than in 
the contro] group subsequently showed diagnostic 
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enzyme rises (39 vs 50; p« 0-05). The numbers dying 
in hospital were respectively two and seven. Indices of 
myocardial necrosis were measured in the two groups. 
Discharge R wave scores of 51 in the treatment group 
and 35 in the control group indicated better preserva- 
tion of myocardial depolarisation after streptokinase 
(p<0-01). Release of creatine kinase MB (eight sam- 
ples over 48 hours) measured as area under the curve 
was almost identical in the two groups for those who 
had infarcted, but a trend was noted for peak level to 
be higher and earlier (p<0-07) in patients treated with 
streptokinase. One patient on active treatment had an 
unusual shower of emboli to the lower trunk and 
limbs, but otherwise no serious complications were 
observed. 

Acylated streptokinase-plasminogen complex is 
simple and relatively safe to administer by intraven- 
ous bolus and shows promise as a means of reducing 
myocardial damage after coronary occlusion. 


Factors influencing early results of percutaneous 
transluminal coronary angioplasty 


A D Timmis, J C P Crick, E Sowton 
Department of Cardiology, Guy's Hospital, London 


The results of 306 consecutive coronary angioplasty 
procedures have been analysed in order to evaluate 
the factors predictive of angiographic success. Ability 
to cross the stenosis was the principal determinant of 
success. Multiple regression analysis of all baseline 
variables identified six additional factors associated 
with success. These were the number of dilatations 
performed, preoperative stenosis, age, male sex, the 
experience of the operator, and the severity of 
preoperative angina. Univariate predictors of success 
by x? testing were the ability to cross the stenosis 
(p« 0-001) and performing more than five dilatations 
per stenosis (p« 0-05). Other more weakly predictive 
variables were preoperative stenosis «9096, age <50 
years and male sex (0:05<р<0:1). Of interest were 
the factors unrelated to success which included elec- 
tive versus emergency procedures, brachial versus 
femoral approach, single versus multivessel disease, 
and single versus multivessel angioplasty. These data 
illustrate the interaction of both procedural and 
patient variables in determining the success of 
coronary angioplasty. Because crossing the stenosis 
is the principal predictor of success, advances in 
catheter technology are likely to improve further 
the early results of the procedure. 
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Stenosis recurrence following coronary 
angioplasty: changes in stenosis length 


N C Jackson, N P Silverton, G I C Nelson 
Departments of Cardiovascular Studies, University of 
Leeds, Leeds 


Stenosis recurrence is the major long term problem 
following successful percutaneous transluminal coro- 
nary angioplasty, and its causes are unknown. Little 
attention has been given to measurements of stenosis 
length after recurrence. We have studied the coronary 
angiograms from 35 of the 41 patients who had a suc- 
cessful outcome from angioplasty when it was under- 
taken in 50 consecutive subjects. Twenty nine men 
and six women with a mean age of 50 years were 
evaluated immediately before and then several 
months after (5-12, mean 7) successful angioplasty. 
In every case angioplasty was, carried out using bal- 
loons with a length of 2-0 cm and a notional diameter 
of 3-0 mm on inflation. The vessels treated were the 
left anterior descending artery (29 cases) and the right 
coronary artery (six cases). Stenosis severity and 
length were measured directly from tracings of single 
frames of the coronary angiogram, and the measure- 
ments were made (where possible) in three standard 
radiological projections. Twelve (34%) patients were 
found to have restenosis; in two of the 12 the treated 
vessel was totally occluded at the site of dilatation. In 
the remaining 10 patients with recurrence, the calcu- 
lated length of the restenosis was greater in seven, 
similar in one, and less in two patients than the length 
of the original stenosis. Considering the projection in 
which the stenosis length was greatest the mean 
length before angioplasty was 8-8 mm (range 5-8- 
16-3), whereas several months later the mean 
restenosis was 10-4 mm (range 8-7-15-3) long, 
although this did not reach statistical significance. 
These results confirm the high frequency of 
restenosis after successful percutaneous transluminal 
coronary angioplasty and suggest that coronary 
angioplasty may induce a longer stenosis. 


Absence of late relapse following percutaneous 
transluminal coronary angioplasty 


E Sowton, A Timmis, J Crick 
Guy's Hospital, London SE1 9RT 


Initial analysis of patients who have relapsed follow- 
ing successful percutaneous transluminal coronary 
angioplasty showed that this had always occurred 
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within the first year. We therefore analysed all 
relapses occurring in patients who have been followed 
for more than one year after successful angioplasty. 
Twenty two of 137 (1696) eligible patients had 
relapsed after a mean time of 22 (range 1-52) weeks. 
Six of the 22 (2796) relapses occurred between six and 
12 months. The relapse rate in patients followed for 
more than two years was 9/58 (1696) also. Only one of 
11 patients followed for more than three years has 
relapsed (996). 

Presentation was by recurrence of angina in 7596 
and by an abnormal exercise test in the remainder. 
Reangiography was performed in all those who 
relapsed. No patient was found to have relapsed solely 
as a result of routine follow up angiography. Early 
relapse was associated with inadequate dilatation of 
the original lesion. 

In 1496 of those relapsing the site of the original 
angioplasty was still wide open but a new lesion had 
developed. A further 9% had restenosed at the origi- 
nal site and also developed a new lesion elsewhere. 
Treatment following relapse was medical in one third, 
by further angioplasty in another third, and by refer- 
ral for surgery in the remainder. The longest follow 
up after reangioplasty was in a patient with recurrence 
of left anterior descending artery stenosis who is still 
symptom free on maximal treadmill exercise 3% years 
after redilatation. 

As one in four of patients who will relapse have not 
done so at the six months point the calculated relapse 
rate will be artifically low if patients with short follow 
ups are included. In this series the relapse rate did not 
rise during the second or third year of follow up. 


Beneficial effect of high dose propranolol treatment 
in infants with symptomatic hypertrophic 
cardiomyopathy 


I Ostman-Smith 
John Radcliffe Hospital, Oxford 


Hypertrophic cardiomyopathy presenting with 
congestive heart failure in infancy carries a grave 
prognosis, with a mortality of virtually 100%. A high 
dose (7-10 mg/kg/day) oral propranolol treatment was 
used in five infants presenting with symptomatic 
hypertrophic cardiomyopathy confirmed by cardiac 
catheterisation. The age of presentation ranged from 
neonatal period to 18 months, and the symptoms 
included uncontrollable congestive heart failure, fail- 
ure to thrive, and syncopal episodes. Propranolol 
treatment caused improvement in all infants; in one 
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infant propranolol treatment was discontinued and he 
died shortly afterwards from heart failure. The other 
four are alive and asymptomatic after two to four 
years follow up. The start of propranolol therapy was 
associated with disappearance of congestive heart fail- 
ure, return to normal weight gain, and a gradual 
improvement in electrocardiographic evidence of 
hypertrophy with a resolution of abnormal ST and T 
wave changes. M mode and cross sectional 
echocardiography has shown regression of abnormal 
hypertrophy, with in one case virtual return to normal 
appearances. 

It is concluded that propranolol can cause not only 
symptomatic relief but also partial regression of 
pathological changes in infants with hypertrophic 
cardiomyopathy but that a high dose is essential i in 
order to achieve the latter effect. 


Spectrum of cardiomyopathies in children: 
systematic echocardiographic analysis 


J V de Giovanni, Rosemary Edgar, S P Singh, 
Yvonne Sibley, E D Silove 

Department of Cardiology, Children's Hospital, 
Birmingham 


Cardiomyopathies are uncommon in children, can 
prove fatal, and may be associated with generalised 
disorders. Although the morphological classification 
applies, there are.specific features within some groups 
which may help to identify secondary myopathies. 


Between 1975 and 1984, 202 subjects were screened, 


of whom 91 had the echocardiographic appearance of 
cardiomyopathy. At presentation 77 were under 10 
years old. There were 29 patients with hypertrophic 
cardiomyopathy, 14 with associated neurological dis- 
orders, and one secondary to Pompe's disease. Nine 
patients had the classical echocardiographic appear- 
ance of hypertrophic obstructive cardiomyopathy, 
two of whom had Noonan's syndrome and two 
Morquio's syndrome. Only five patients with classical 

hypertrophic obstructive cardiomyopathy had no 

underlying disorder and only one had a positive 

family history. 

А total of 59 patients had the echocardiographic 
appearance of congestive cardiomyopathy, five proved 
to be related to coronary artery problems, and two 
had positive viral titres. Only four patients had a posi- 
tive family history. One case was related to the 
myeloproliferative form of the hypereosinophilic syn- 
drome. In the remaining 47 there was no obvious 
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aetiological cause. There were three patients with 
restrictive cardiomyopathy, all idiopathic, -and .the 
striking features were the enormous, atria .with pre- 
served systolic ventricular function. А 

Cardiomyopathies in children are not uncommonly 
associated with generalised disorders particularly if 
they are of the hypertrophic variety. The.congestive 
type is frequently the.end stage of an-unrecognised 
insult, but coronary artery. problems: must - be 
excluded. Unlike the adult group the restrictive form 
Is often idiopathic. 


Use of pulsed Doppler echocardiography to assess 
shunts and gradients in congenital heart disease 


M Shields, Jayne Rogers, H C Mulholland 
Royal Belfast Hospital for Sick Children, Belfast 


This study compares Doppler measured’ 
haemodynamic variables with those found by conven- 
tional methods at cardiac catheterisation. The com- 
parison was made in 162 cases. Fifty nine children 
with obstructive lesions and 41 with pressure gra- 
dients across ventricular septal defects were studied 
using high pulse repetition frequency Doppler. Peak 
jet velocities were obtained by placing the Doppler 
sample volume in the jet stream and the pressure gra- 
dient calculated using the modified Bernoulli equation 
(AP=4V?, where V. is the peak jet velocity). Right 
ventricular pressure was predicted by subtracting the 
ventricular septal defect gradient from the systemic 
blood pressure. 

Flow ratios (QP:QS) were measured by Doppler in 
62 patients with intracardiac shunts. Systemic flow 
(QS) was measured from the suprasternal notch by 
placing the sample volume in the ascending aorta and 
obtaining a mean flow velocity (V). The cross sec- 
tional area (CSA) was derived from the aortic diame- 
ter; QS=VXCSA. Pulmonary flow (QP) was similarly 
measured from the main pulmonary artery. The 
Doppler derived QP:QS was compared with that 
obtained at catheterisation (Fick). 

There was good correlation between the two 
methods for, measuring pressure gradients (r=0-94, 
n=100) and flow ratios (r=0-92, n=62). Predicted 
right ventricular pressure in patients with ventricular 
septal defect also correlated well with catheterisation 
values (r=0-93, n=41). 
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Percutaneous balloon valvotomy for pulmonary 
valve stenosis 


I D Sullivan, P J Robinson, F ] Macartney, 
J F N Taylor, P G Rees, C Bull, J E Deanfield 
The Hospital for Sick Children, London : 


Significant pulmonary valve stenosis has usually been 
managed by surgical valvotomy. We have attempted 
relief of pulmonary valve stenosis at cardiac catheter- 
isation on 21 occasions in 20 patients between April 
and December 1984. There were 12 males, eight 
females (age range 8 days to 12 years, median 31 
months, two aged less than 2 weeks). Two patients 
had Noonan's syndrome, one had an associated right 
‚ coronary artery to right ventricle fistula, and two had 
undergone previous surgical valvotomy. The remain- 
ing 15 patients had isolated pulmonary valve stenosis. 
Pulmonary valve annulus diameter was estimated by 
cross sectional echocardiography to assist in choice of 
balloon size. Predilatation right ventricular systolic 
pressures ranged from 41 to 190 (median 92) mm Hg, 
being suprasystemic on nine occasions. Right ventri- 
cle to systemic systolic pressure ratios and pulmonary 
systolic pressure gradients (mm Hg) were 1-01(0-43) 
(mean (SD)) and 76-3(41-6) respectively prior to dila- 
‘tation compared with 0-69(0-29) (p<0-001) and 
34-3(29-1) (p<0-001) immediately following balloon 
dilatation. Six patients so far have been reinvestigated 
six months and one patient one week after dilatation. 
Five had maintained the immediate haemodynamic 
improvement previously demonstrated. Two patients 
who had little immediate change in right ventricle to 
systemic systolic pressure ratio or pulmonary systolic 
pressure gradient had major reductions in both of 
these at one week and six months respectively. There 
were no complications. Percutaneous balloon pulmo- 
nary valvotomy appears to provide good short and 
medium term relief of pulmonary valve stenosis and 
may obviate the need for surgery in many cases. 


Outcome of children with double inlet ventricle 
presenting in the first year of life 


R Franklin, F Macartney, R Anderson, C Bull, 
M de Leval, J Stark, J Deanfield 

Thoracic Unit, The Hospital for Sick Children, 
London 


Definitive repair is now possible for selected older 
patients with double inlet ventricles. However, the 
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overall outcome of children presenting in infancy with 
this condition has not been investigated. We therefore 
studied 107 consecutive patients presenting at less 
than 1 year of age between 1973 and 1984. Eighty one 
(76%) had double inlet left ventricle, 18 double inlet 
right ventricle, and eight double inlet indeterminate 
ventricle. Sixty two (63%) had two atrioventricular 
valves and 45 (47%) had a common atrioventricular 
orifice. Presentation was determined by one or more 
severe associated lesions (pulmonary stenosis 35, 
pulmonary atresia 23, aortic coarctation or interrup- 
tion 25, extracardiac anomalous pulmonary venous 
connection 15). Fifty one (46%) underwent palliative 
surgery, but the operative mortality was high (30%): 
3/17 systemic-pulmonary shunts, 2/15 pulmonary 
artery banding, 3/7 atrial septectomies, 8/12 repair of 
associated lesions. The remaining 56 were initially 
treated medically either because they had very com- 
plex anatomy (29, 25 dead), were unfit for surgery 
(nine, nine dead), or had balanced physiology (18, 
four late deaths). Five of the balanced group subse- 
quently required palliative surgery. Among those pal- 
liated, five died late (four sudden, one pneumonia), 
two required a second shunt, and two developed sub- 
aortic obstruction after pulmonary artery banding. Of 
19/39 survivors for 2 years who were reinvestigated, 
five were unsuitable for definitive repair (because of 
subaortic obstruction in two, common atrioventricu- 
lar orifice regurgitation in one, pulmonary vascular 
disease in one, distorted pulmonary arteries in one). 
Only two modified Fontans (one death) and one septa- 
tion have so far been performed. Thus, even with 
palliative surgery, only a minority of patients born 
with double inlet ventricle survive and are suitable for 
eventual definitive repair. 


Patient status 10 or more years after primary total 
correction of tetralogy of Fallot under the age of 2 
years 


R Martin, A Khaghani, Rosemary Radley-Smith, 
M Yacoub 
Harefield Hospital, Harefield, Middlesex 


Twenty two children who underwent primary total’ 
correction of tetralogy of Fallot (irrespective of their 
anatomy), under the age of 2 years, have been fol- 
lowed up for more than 10 (mean 11-3) years. Their 
ages at operation were between 3-5 to 24 (mean 13-7) 
months. Nine (41%) children had additional recon- 
struction of the right ventricular outflow tract with an 
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aortic homograft monocusp. With a follow up of 10 to 
13-25 (mean 11-3) years, there have been no late 
deaths. The first child in the series required reopera- 
tion at 28 months for relief of residual right ventricu- 
lar outflow tract gradient. (He did not have an outflow 
tract reconstruction at the first operation.) All chil- 
dren are asymptomatic and have a normal exercise 
tolerance. Four (4496) children with homograft recon- 
struction and three (23%) without developed soft 
pulmonary diastolic murmurs 2—4 years after opera- 
tion. This murmur has not become louder and the 
cardiothoracic ratio (mean 0-54) on chest radiograph 
has not increased with time, neither has the right 
ventricular/left ventricular dimension obtained from 
routine M mode echocardiography, at the level of the 
tip of the mitral valve. Ventricular ectopics have not 
been noted on either the standard electrocardiogram 
or 24 hour monitoring. Sixteen children have an axis 
of 0? to 30°. АП patients have been routinely reinvesti- 
gated by cardiac catheterisation and angiography two 
weeks to 12 years (mean 27 months) after operation. 
In 20 (9196) patients the peak systolic right ventricular 
to left ventricular ratio was between 0-2 to 0-4 and the 
right ventricular outflow tract gradient less than 15 
mm Hg. There was no increase in ratio or gradient 
with time in those patients who obtained adequate 
relief of their right ventricular outflow tract obstruc- 
tion at operation. 

It is concluded that primary total correction of 
tetralogy of Fallot, under 2 years of age, continues 
to give good clinical and haemodynamic results 
more than 10 years after operation. 


"Treatment of sustained ventricular 
tachyarrhythmias by electrophysiologically directed 
drug therapy 


A P Rae, А M Greenspan, S R Spielman, C R Webb, 
L N Horowitz 

Royal Infirmary, Glasgow, Scotland, and Likoff 
Cardiovascular Institute, Philadelphia, USA 


To determine the effectiveness of antiarrhythmic 
treatment directed by electrophysiological study, 161 
consecutive patients with inducible sustained ven- 
tricular tachyarrhythmias (136 ventricular tachycardia 
and 25 ventricular fibrillation) underwent 440 drug 
studies. The ventricular stimulation protocol included 
single, double, and triple extrastimuli during sinus 
rhythm and two paced cycles at two right ventricular 
sites. Drug success, defined as the induction of «15 
complexes, was obtained in 95 studies, with at least 
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one successful treatment identified for 63 of the 
patients. Of the 150 patients completing serial drug 
testing, 53 (group À) were discharged taking treat- 
ment identified as successful by electrophysiological 
study. Ninety six patients (group B) were discharged 
taking therapy which did not prevent arrhythmia 
induction; in 81 of these the treatment included 
amiodarone. Over a mean (SD) follow up period of 
16(9) months (range 2 weeks to 35 months) there were 
nine (1796) sudden deaths/arrhythmia recurrences in 
group À and 36 (3896) in group B (p«0-0003). In 
group B, there was no difference in recurrence rate 
between those taking amiodarone and those other 
treatment (р=0:54). In conclusion the chronic 
effectiveness of medical treatment in patients with 
sustained ventricular tachyarrhythmias can be 
determined by electrophysiological study and the 
validity of this approach is not influenced by the 
use of amiodarone. 


Automatic detection of cardiac arrhythmias by 
analysis of electrogram morphology 


D W Davies, R J Wainwright, M Tooley, 

A W Nathan, A J Camm 

St Bartholomew’s Hospital and the Brook Hospital, 
London 


Pacemaker recognition of pathological tachycardia 
currently relies on heart rate analysis. Sinus tachycar- 
dia on exercise or after arrhythmia termination are 
thereby commonly mistaken for pathological 
tachycardia. To overcome this, we have developed a 
potentially implantable computerised method of 
automatic arrhythmia recognition. This operates 
independently of changes in heart rate by analysing 
the changes that occur in the intraelectrogram 
sequence of gradients during arrhythmias. - 

In 12 patients bipolar electrograms were obtained 
from conventional endocardial pacing sites in the 
atrium (six patients), ventricle (three), and both 
(three) during sinus rhythm (three pre-excited) at rest 
and exercise and during a total of 14 abnormal 
rhythms: orthodromic atrioventricular re-entry 
tachycardia (AVRT) with or without left bundle 
branch block (four), antidromic AVRT (one), 
atrioventricular nodal tachycardia (AVNRT) in five, 
and ventricular tachycardia (VT) in four. Patient 
posture and respiration were varied during all 
rhythms. The electrograms were recorded at a band 
pass of 0-16-1 kHz and digitised at a frequency of 2!! 
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Hz before analysis by electrogram gradient pattern 
detection. Gradient pattern of atrial electrograms dur- 
. ing sinus and abnormal rhythms distinguished AVRT 
and AVNRT from sinus rhythm in all patients. Gra- 
.dient pattern detection of ventricular electrograms 
"differentiated sinus rhythm from VT in all patients, 
orthodromic AVRT from pre-excited sinus rhythm in 
both patients, sinus rhythm from antidromic AVRT 
in one patient (partial vs complete pre-excitation), and 
intermittent left bundle branch block during AVRT 
"in one patient. Although alterations in amplitudes of 
' atrial electrograms occurred with respiratory and 
postural variation in four patients, the electrogram 
inorphologies and hence gradient pattern detection 
-were unaffected. It is concluded that gradient pattern 
detection reliably detects arrhythmias at atrial and 
ventricular level and overcomes a major problem of 
present day antitachycardia pacemakers. 


Reliability of the QT interval in determining the 
pacing rate in patients with the TX pacemaker 


' L Fananapazir, D Н Bennett 
Royal Infirmary, Edinburgh, and Wythenshawe 
Hospital, Manchester 


The TX pacemaker uses a conventional electrode to 
sense T waves of paced ventricular complexes, and it 
adapts the pacing rate to varying physiological 
demands by responding to changes in the QT, or 
more correctly stimulus artefact-to-T wave apex 
interval. This pacing system was assessed in 13 
patients. Relation of heart rate to stimulus to T inter- 
val and effect of programming on rate changes during 
exercise were studied on several occasions in each 
patient. Exercise performance during TX and async- 
hronous ventricular demand (VVI, 70 beats/min) pac- 
ing modes were compared. 

T wave sensing was successful in 12 patients. 
Chronic deterioration in T wave sensing, however, 
occurred in most patients. The relation of heart rate to 
stimulus to T interval was found to be described by 
the following linear regression equation: stimulus to T 
interval 590— 1-58 X paced heart rate, r=— 0:62. This 
relation, however, was subject to wide interpatient 
and intrapatient variation. Consequently, given iden- 
tical programmed variables and exercise protocol, the 
quality of rate response varied widely from patient to 
patient and in the same patient from one occasion to 
another. Treadmill exercise tolerance, however, was 
significantly better in the TX mode: total distance 
(yd) walked on treadmill (mean (1 SD) for TX mode 
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784(454) and VVI mode 511(352), p« 0-01). 

Our results therefore show that, although appropri- 
ate and worthwhile rate adaptation can be achieved in 
most patients, frequent programming, based on 
results of exercise tests and Holter monitoring, may 
be necessary to adjust for changes in T wave sensing 
and relation of heart rate to stimulus to T interval 
relation and thus ensure that the pacemaker continues 
to function optimally. 


Pace mapping: a valuable alternative technique for 
localisation of the accessory atrioventricular 
pathway at surgery 


J Crick, P Holt, P Curry, E Sowton 
Cardiac Department, Guy's Hospital, London 


Localisation of the accessory atrioventricular pathway 
for surgical ablation may be impossible by activation 
mapping if anterograde and retrograde conduction via 
the atrioventricular pathway is temporarily lost dur- 
ing the procedure. The technique of pace mapping 
was used in five patients undergoing such surgery. A 
12 lead electrocardiogram was recorded with a clear 
delta wave, during sinus rhythm or atrial pacing both 
before surgery and if possible after exposure of the 
heart. Pacing pulses were applied to sites around the 
atrioventricular ring first epicardially and then 
endocardially until the pattern of the initial deflection 
of the QRS complex matched that of the previously 
recorded delta wave in all 12 leads. This site was cut 
and cauterised. In two patients activation and pace 
mapping were performed and the sites identified by 
the two techniques coincided. In the other three 
patients accessory atrioventricular pathway conduc- 
tion was lost and successful division was achieved by 
pace mapping alone. 

It is concluded that pace mapping is a valuable 
additional technique in surgery for Wolff- 
Parkinson-White syndrome. 


A randomised trial of heart valve prostheses 


P Bloomfield, A H Kitchin, W Lutz, PR Walbaum, 
DJ Wheatley, H C Miller 
Royal Infirmary of Edinburgh, Western General 
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Hospital, and Edinburgh Medical Computing and 
Statistics, University of Edinburgh 


Between December 1975 and August 1979, 540 
patients undergoing valve replacement were entered 
into a randomised trial and received either a mechani- 
cal (Bjórk-Shiley, 274 patients) prosthesis or a porcine 
heterograft valve (initially Hancock, 106 patients, and 
latterly Carpentier-Edwards, 160 patients). Analysis 
of multiple variables showed the treatment groups to 
be well randomised. For mitral valve replacement 
(268 patients) there was an unexplained excess hospi- 
tal mortality of 16-496 associated with the 
Carpentier-Edwards valve compared with 7-696 over- 
all. There was no significant difference in hospital 
mortality for the different prostheses for aortic valve 
replacement (210 patients), 8-5% overall, nor for the 
combined valve replacement (62 patients), 14-596 
overall. 

Mean follow up was 5-6 (range 2-8—8-3) years. The 
actuarial survival curves for both aortic valve 
replacement, mitral valve replacement, and the com- 
bined valve replacement for the three prostheses 
remained similar for 7:5 years. Actuarial survival at 
3.3, 5, and 7:5 years following mitral valve replace- 
ment was 70-696, 67-296, and 51-896: for aortic valve 
replacement, 83-696, 80-196, and 67-796; for the com- 
bined valve replacement 74-796, 72:9% and 62-596 
respectively. Thirty four patients underwent valve 
rereplacement: 13 Bjórk-Shiley, 10 Hancock, and 11 
Carpentier-Edwards prostheses (р= NS); 12 died at 
reoperation (operative mortality 35-396). 

There was no significant difference in the incidence 
of thromboembolism for the different prostheses up 
to seven years after surgery though approximately 
5096 of patients with heterograft valves were not anti- 
coagulated. Complications of anticoagulation were 
rare and occurred in only 16 patients over the course 
of the study. 

It is concluded that up to 7-5 years there is no 
significant difference in the outcome of valve 
replacement with the three prostheses studied, but 
further follow up is necessary as important differences 
may still emerge. 


Recent experience with acute ventricular septal 
defect: the case for immediate surgery with 
restricted use of balloon pumping 


J Parker, R Dhumale, J Pepper 
St George's Hospital, London 
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From 1980 to 1984, 29 patients with an acquired ven- 
tricular septal defect have been treated by a policy of 
increasingly early surgery after immediate investiga- 
tions on admission to our hospital. Twenty five 
patients had defects associated with an anterior 
myocardial infarction and four with an inferior 
myocardial infarction. The mean age was 66 (range 
48—77) years and the mean time interval from onset of 
murmur to operation was 10:3 (range 1-60) days, a 
reflection of delayed referral. Twelve patients were in 
cardiogenic shock (blood pressure «80 mm Hg, poor 
peripheral perfusion, and urine «300 ml in 24 hours). 
Coronary angiography-in 28 patients (one arrest, no 
study) showed one vessel disease in 3896, two in 1996, 
and three in 3896. Only five patients early in the 
experience had preoperative balloon pumping. Dou- 
ble patch closure of the ventricular septal defect with 


- infarctectomy in eight patients and saphenous vein 


grafting in 14 was undertaken. Two patients had car- 
diac massage to bypass and two required immediate 
postbypass balloon pumping. Overall hospital mortal- 
ity at 30 days was 33% reducing to four of 19 (22%) in 
the last two years. Mortality in the presence of car- 
diogenic shock was 58% and renal failure (>20 
mmol/l) was 40% and infarctectomy 0%. Two recur- 
rent ventricular septal defects occurred, one requiring 
reoperation. Death resulted from myocardial failure 
in three patients, multiorgan failure in three, and 
cerebrovascular disease in one, and there were two 
sudden deaths five days and three weeks after an ini- 
tial satisfactory postoperative course. The policy of 
early closure of ventricular septal defect with resec- 
tion of large infarctions and simultaneous bypass 


. grafting seems appropriate. Referral to a surgical 


centre prior to the onset of cardiogenic shock or renal 
failure should achieve better results. Preoperative 
intra-aortic balloon pumping has a very limited role in 
current management. 


Left ventricular contractile state and reserve 
capacity in humans after cardiac transplantation 


K M Borow, A Neuman, F W Arensman, 
Rosemary Radley-Smith, M H Yacoub 
Harefield Hospital, Middlesex, England, and 
University of Chicago, USA 


Limited data are available concerning left ventricular 
contractility and contractile reserve in the denervated 
human heart. The slope value of the relation of left 
ventricular end systolic pressure to dimension is a 
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load independent sensitive index of contractility 
which can be determined using echo and calibrated 
carotid pulse tracings. This index was studied in 10 
transplant patients (aged 48(4) years; interval between 
operation and study 1-2(0-8) years). None of the 
patients had evidence of rejection by biopsy. Results 
were compared with data from 10 normal control sub- 
jects (aged 25(4) years) matched for donor heart (aged 
25(6) years). Baseline left ventricular contractility was 
assessed over a wide range of.afterload generated 
by methoxamine infusion. Contractile reserve was 
measured during infusion of methoxamine plus 
5 mg/kg/min of dobutamine. 

Baseline heart rate and values after drug infusion 
for controls were 88(21) and 97(20) beats/min respec- 
tively (p« 0-01); the corresponding values for trans- 
plant patients were 92(6) and 117(8) beats/min 
(p«0-01). The difference between baseline values for 
controls and transplant patients was not significant; 
that between values after drug infusion for the two 
groups was significant (p« 0-01). Control baseline val- 
ues and those after drug infusion for the slope value of 
the relation of end systolic pressure to dimension were 
104(13) and 129(15) respectively; the corresponding 
figures for transplant patients were 99(9) and 126(12) 
respectively. The differences between both groups for 
baseline values and those after drug infusion were not 
significant. 

It is concluded that the transplanted human heart 
had normal baseline and reserve contractile capacity 
while demonstrating an augmented chronotropic 
response. Chronic denervation does not appear to 
alter left ventricular contractility in humans. 


Function of the transplanted heart in long term 
survivors 


R Cory-Pearce, D R Wheeldon, J Wallwork, 
TAH English 
Papworth Hospital, Papworth, Cambridgeshire 


Thirty eight heart transplant recipients were studied 
in detail after five years (one patient), four years (four 
patients), three years (six patients), two years (11 
patients), and one year (16 patients). Six of these 
patients subsequently died; two of lung cancer and 
four of coronary artery disease, of whom two had no 
angiographically detectable lesions. One patient has 
been retransplanted for coronary artery disease, and 
another six have angiographically demonstrated 
lesions from one to five years after transplantation. 
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Annual study of transplant function included right 
and left heart catheterisation and right ventricular 
biopsy. Response of preload and afterload pressures, 
cardiac output, and pulmonary and systemic vascular 
resistance to maximal exercise testing was investi- 
gated. The grouped data show that (a) cardiac func- 
tion of the transplanted heart provides for normal 
output response to exercise; (b) normal functional 
responses are maintained without significant decline 
for one to five years; (c) the normal neurally mediated 
physiological rate response is absent but is compen- 
sated by stroke volume response; (d) abnormally high 
preoperative pulmonary vascular resistance returns to 
normal and shows a wide range of change in response 
to exercise; (е) patients receiving cyclosporin А have 
an abnormal systemic pressure and resistance 
response; (f) there is no evidence of motor reinnerva- 
tion of the transplanted heart; and (g) good function is 
maintained in the presence of significant coronary 
stenoses and occlusions. 


Symptoms plus exercise test: a reliable basis for 
managing angina? 


P R Walker, M Papouchado 
Department of Cardiology, Bristol Royal Infirmary, 
Bristol 


The practice of basing the diagnosis and management 
of patients with suspected coronary disease on the 
history and exercise test alone is generally considered 
inadequate. The diagnostic and prognostic value of a 
simple method of patient classification based on 
symptoms and exercise testing was tested in 300 
patients with suspected angina, reviewing their prog- 
ress after 36-48 months. Patients with typical pain 
and positive exercise testing (ST depression or eleva- 
tion) were classified as having coronary artery disease 
(group 1); those with atypical pain and a negative 
exercise test (at target heart rate) as not having coro- 
nary artery disease (group 2); and those whose type of 
pain conflicted with their exercise test, or who failed 
to reach target heart rate, as having possible coronary 
artery disease (group 3). In group 1 (n=186), 122 
underwent coronary arteriography, and 121 had 
significant coronary artery disease (99% specificity). 
Nineteen coronary deaths occurred. In group 2 
(n=41), none had arteriography and no coronary 
events occurred. In group 3 (n=73), 22 underwent 
arteriography; 13 were normal. Two coronary deaths 
occurred, both in patients with severe angina who 


Proceedings of the British Cardiac Society 


were studied angiographically. In group 1 patients, an 
exercise test duration of six minutes or less appeared 
to identify a subgroup (n=71) who required urgent 
surgery (coronary artery bypass grafting): seven of the 
26 (27%) who did not undergo grafting died or suf- 
fered an ultimately fatal myocardial infarction within 
four months of their exercise test. This contrasted 
with a 3% annual mortality among 45 patients in this 
subgroup who underwent grafting and with a 1-3% 
annual mortality among 82 non-surgically treated 
group 1 patients who exercised for longer than six 
minutes. It is concluded that the combined use of 
symptoms and exercise testing can be relied on to 
identify patients in whom arteriography is superfluous 
and those requiring urgent grafts. 


What is the need for coronary artery bypass 
procedures? 


T R Cripps, M S Dennis, M D Joy 
St Peter's Hospital, Chertsey, Surrey 


During the six year period 1979-84, 518 patients were 
referred by a district general hospital for invasive 
investigation and cardiopulmonary bypass proce- 
dures. The resident catchment population was 
202 000. There was a sevenfold increase in the 
number of patients undergoing coronary artery 
bypass graft procedures during this period while the 
requirement for valve surgery showed little growth. 
The need for grafting plateaued in 1982-4, and based 
on the figures for 1982-3 (the data for 1984 as yet 
incomplete) there was a requirement for 330 
procedures/million population/year after correction 
for cross boundary inflow. The requirement for valve 
surgery during this period was 61 procedures/million 
population/year. Analysis of the clinical and angiog- 
raphic data indicates that if grafting had been offered 
only for angina (>NYHA grade II in patients receiv- 
ing maximal drug therapy) the requirement would 
have fallen to 204 procedures/million population/year, 
although this would have increased to 215 
procedures/million population/year if surgery was also 
offered for significant left main stem disease. Two 
hundred and eighty one and 305 procedures/million 
population/year would have been required respec- 
tively if patients with significant three vessel and two 
vessel with significant left anterior descending 
stenosis were also included. The health district con- 
cerned (North West Surrey) has a standardised mor- 
tality ratio of 0-78 for cardiovascular diseases, and 
these figures therefore probably underestimate the 
need for coronary artery bypass grafting nationally. 
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By extrapolation, however, the national need for 
surgery for symptoms alone appears to be at least 
twice the present provision, three or four times the 
present provision being required if surgery is also 
offered to improve prognosis. 


Non-invasive testing and coronary arteriography in 
patients with unstable angina pectoris 


R J E Lee, N P S Campbell, A A J Adgey 
Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast 


In patients with unstable angina the diagnostic accu- 
racy of thallium scintigraphy combined with maximal 
exercise stress testing related to coronary arteriogra- 
phy is unknown. During 124 consecutive acute 
admissions with spontaneous chest pain at rest in the 
absence of acute myocardial infarction, 110 patients 
had a maximal exercise stress test with thallium scin- 
tigraphy. In 66 this was followed by coronary 
arteriography. Fifty four patients had a positive 
angiogram (stenoses > 5096) in the disease distribu- 
tion: single vessel 15 (2896), double vessel 17 (3196), 
triple vessel 20 (37%), and main stem two (4%). Of 
these, 28 had a positive exercise electrocardiogram 
(22 mm ST segment depression), two a negative elec- 
trocardiogram, and 24 an inconclusive electrocardiog- 
ram (no electrocardiographic changes but inadequate 
heart rate). Fifty of 54 with coronary artery disease 
had a positive thallium scan (reperfusion, fixed defect 
or both). When the exercise electrocardiograms and 
thallium scan were combined and a positive result 
from either or both obtained then non-invasive testing 
predicted coronary artery disease in 52 of 54 patients. 
The two cases missed had single vessel disease. Of the 
12 patients without angiographic coronary artery dis- 
ease, eight were normal and four had other cardiac 
diagnoses (two mitral valve prolapse, one hyper- 
trophic cardiomyopathy, and one left ventricular 
hypertrophy). Of the eight normals, one had a nega- 
tive exercise electrocardiogram, two a positive one, 
and in five it was inconclusive. Four had positive thal- 
lium images and four negative. 

It is concluded that maximal exercise testing early 
after the identification of patients with unstable agina 
is safe but that the exercise electrocardiogram on its 
own is poorly predictive and should not be used to 
exclude ischaemic heart disease (28/54, 5296). Thal- 
lium scintigraphy combined with the exercise elec- 
trocardiogram greatly improved diagnostic accuracy 
(52/54, 9696). 
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Risk stratification following myocardial infarction: a 
comparison of the Norris index and exercise testing 


D P Murray, M Salih, L B Tan, S Derry, 

R G Murray, W A Littler 

University Department of Cardiovascular Medicine, 
East Birmingham Hospital, Birmingham 


- Recent controversy surrounds the ability of predis- 
charge exercise test to predict subsequent cardiac 
*events in survivors of acute myocardial infarction. In 
contrast, the Norris prognostic index remains a rec- 
ognised descriminant of high risk. To determine the 
relative value of these potential risk markers the 
results of predischarge exercise testing and the Norris 
index were compared with the clinical outcome in 350 
survivors of acute myocardial infarction followed for a 
mean of 12 months. Exercise testing was performed at 
a mean of nine days and defined as positive by ST 
segment depression 0:1 mV in any of the 12 leads 
recorded or exertional hypotension or both. On clini- 
cal grounds, 50 of the 350 patients were considered 
unable to perform predischarge exercise. These 50 
patients had a higher Norris index (7-0 ùs 4-43; 

--p<0:01), higher mortality (18% vs 596; p<0-01), 
higher frequency of heart failure (52% vs 12%; 
p<0-01), and recurrent infarction (20% vs 8%; 
p<0-05) than the 300 patients able to exercise. In the 
300 exercise patients, however, the Norris index in 
170 patients with positive tests (4-38(1-7)) was similar 
to the index in 130 patients with negative tests 
(4:49(1-7)). In contrast, mortality (7% vs 2%), recur- 
rent infarction (13% vs 2%; p<0-001), heart failure 
(22% vs 2%; p<0-001), angina (58% vs 9%; p<0-001), 
and cardiac surgery (22% vs 2%; р<0:001) were 
significantly more common in those with positive tests 
compared to those with negative tests. 

These data support the clinical value of the Norris 
index as. a marker of high risk following acute 
myocardial infarction. In terms of both mortality and 
morbidity, however, predischarge exercise testing 
provided a more sensitive risk stratification in infarct 
survivors. 


First-dose hypotension with angiotensin converting 
enzyme inhibitors in heart failure 


J Cleland, H McAlpine, P Semple, S Ball, 
J Robertson, H Dargie 
Department of Cardiology and MRC Blood Pressure 


Unit, Western Infirmary ,.Glasgow . ee 
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In patients with heart failure first dose hypotension 
with captopril is thought to be uncommon, occurring 
only in subjects with markedly increased plasma 
renin; it has been suggested that enalapril does not 
cause this owing to its delayed onset of action. In a 
series of 100 such administrations (75 captopril and 25 
enalapril) in 68 patients, seven cases of vasomotor 
syncope occurred (hypotension accompanied by 
bradycardia and sweating). With enalapril (three 
cases) the onset of hypotension was later (>2-5 h vs 
<90 min), more sustained, and accompanied by evi- 
dence of organ damage (myocardial necrosis or renal 
dysfunction). In those monitored invasively profound 
falls in pulmonary artery diastolic pressure accom- 
panied or preceded syncope suggesting that a fall in 
venous return rather than a loss of peripheral arterio- 
lar tone was involved. Large increases in plasma 
adrenalin but not noradrenalin during syncope sug- 
gested a dissociation of adrenal and sympathetic 
neuronal responses. Two recovered spontaneously, 
two responded to head down tilt and intravenous 
atropine, and three required intravenous angiotensin 
II. Two showed a poor response to this until given 
intravenous saline. 

Neither clinical state, aetiology of heart failure, pre- 
treatment mean blood pressure (60-100 vs 56- 
119 mm Hg), serum sodium (127-141 vs 125- 
150 mmol/l), plasma active renin (41-2234 vs 5- 
6687 uU/ml), nor angiotensin II contentrations (25— 
284 vs 0-5-292 pmol/l) reliably predicted syncope. 
(Figures are ranges for hypotensive апа non- 
hypotensive groups respectively.) Thus first dose 
hypotension is difficult to predict. Patients should be 
observed for some hours after dosing with converting 
enzyme inhibitors and angiotensin II, and saline infu- 
sions should be readily available. 


Prolonged clinical benefit of enalapril in treatment 
of congestive cardiac failure 


R Shahrabani, P Hubner, M Joy, P Cumming, 

I Dews, R Thomas, H Williams 

Groby Road Hospital, Leicester; St Peter’s Hospital, 
Chertsey; and Royal United Hospital, Bath 


Angiotensin converting enzyme inhibition is a valu- 
able form of vasodilator treatment of congestive car- 
diac failure. Enalapril is a new angiotensin converting 
enzyme inhibitor with a long (12 hours) duration of 
action. Fifty five patients with chronic congestive car- 


'didc failure receiving “diuretics: апа digoxin -had - 
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enalapril (10 mg per day) or placebo added to their 
treatment and were assessed over six months on a 
random double blind basis. Mean exercise times on a 
treadmill to the Naughton protocol at baseline, after 
one month, and after six months were for placebo 
513, 549, and 562 s respectively and for enalapril 596, 
683, and 737 s respectively. The difference in values 
after one month and after six months between placebo 
and enalapril were significant (p<0-001). There were 
no significant changes in ejection fraction, heart rate, 
blood pressure, weight, and haematological or 
biochemical values with either enalapril or placebo. 
Of 27 placebo patients, two died and two were with- 
drawn with worsening cardiac failure. With 28 
enalapril patients one died and three were withdrawn 
with hypotensive symptoms. 

This study, the longest yet of an angiotensin con- 
verting enzyme inhibitor for congestive cardiac fail- 
ure, has shown sustained clinical improvement over 
six months for patients receiving enalapril. 


Ultrafiltration in refractory congestive heart failure 


I A Simpson, A P Rae, J Gribben, M E M Allison, 
J M Boulton Jones, I Hutton 
Royal Infirmary, Glasgow 


Nine patients with congestive heart failure refractory 
to conventional medical therapy with digoxin, diure- 
tics,. and. vasodilator. therapy were treated using 
ultrafiltration. All. patients had severe symptoms 
(NYHA class IV) and gross peripheral oedema. A 
mean (SD) fluid loss of 12-6(6-6) (range 3-7-23 1) pro- 
duced a mean weight reduction of 7-7(5-1) kg 
immediately following ultrafiltration and 9-9(6-2) kg 
(p«0-02), prior to hospital discharge. Improvement 
was sustained and the patients again became respon- 
sive to medical therapy. Electrolytes improved, serum 
sodium rising from a mean of 128(5) mmol/l to a mean 
òf 132(5) mmol/l (p«0-02). Haemodynamics were 
measured in six patients: right atrial pressure fell from 
a mean of 19(1) mm Hg to a mean of 14(4) mm Hg 
(p«0-05), but cardiac output as measured by ther- 
modilution remained unchanged (3-2(0-7) l/min and 
3-3(0-5) l/min). Heart rate, blood pressure, and left 
and right ventricular dimensions measured by M 
mode echocardiography remained unchanged 
throughout.’ 

In conclusion ultrafiltration promotes fluid loss and 
affords sustained symptomatic relief providing a 
favourable alternative to the treatment of severe con- 
gestive heart failure resistant to other forms of medi- 
cal therapy. 
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Can the pumping capability of a failing heart 
improve with inotropic stimulation? 


LB Tan, R G Murray, W A Littler 
Department of Cardiovascular Medicine, East 
Birmingham Hospital, Bordesley Green East, 
Birmingham 


The beneficial effects of the inotropic agents used in 
the treatment of severe cardiac failure are often cou- 
pled to their vasodilatory effects. When these agents 
are used in patients with minimal pumping reserve, 
the vasodilatory effects would predominate. A means 
of separating the direct effects of the inotropic agents 
on the cardiac pumping capacity from their vasodilat- 
ory effects is required. A new technique was devised 
to fufil this aim, and it was tested by infusing 
dobutamine at graded incremental doses to 12 
ischaemic cardiac failure patients in NYHA classes III 
and IV. The haemodynamic data were obtained using 
a thermodilution Swan-Ganz catheter. At each infu- 
sion rate of dobutamine the left ventricular power 
output (W = cardiac output X mean arterial pressure) 
was calculated, and the range of power output values 
resulting from the concomitant change in the 
peripheral resistance was also determined. A power 
output value that was found to be above the range 
defined by the latter signified a direct increase in the 
cardiac pumping capacity resulting from the inotropic 
challenge. Five patients (group A) could demonstrate 
definite augmented pumping capacity to dobutamine 
challenge; three patients (group B) could increase the 
left ventricular power output secondary to the vasodi- 
lation; and four patients (group C) had maximum 
power output which did not exceed 1:2 W at any fate 
of dobutamine infusion. The prognosis of group C 
patients was grave in that three of them died within 
one imonth of the study and the: remaining patient 
required transplantation. :- ^ 5 зун 

It is concluded that direct effects of dobutamine on 


-cardiac pumping can now be separated from its vas- 


odilatory effects and that tlie pumping capability of 
the heart evaluated thereby reflects the amount of via- 
ble myocardium present in: the left ventricle. Such 
information would be of therapeutic and prognostic 
significance. 


A radionuclide model of acute myocardial 
infarction 


E Jane Flint, D N Taylor, J Pilcher, J А Mills, 
J A McIntosh 

Departments of Cardiology and Clinical Physics, 
Walsgrave Hospital, Coventry 
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To construct a model of the relation of infarct size to 
left ventricular function in acute myocardial infarc- 
tion, 65 patients were imaged in the acute phase to 
acquire thallium 201 tomograms and a technetium- 
99 m gated blood pool study using a rotating slant 
hole collimator and mobile gammacamera. Percentage 
of normal left ventricular function measured by left 
ventricular ejection fraction, regional wall motion 
score, and phase analysis was plotted for each patient 
against percentage volume defect from reconstructed 
thallium tomograms, previously shown to correlate 
(r=0-82) with pathological infarct size. 

A non-linear relation was seen between deteriora- 
tion in left ventricular function and thallium defect 
size, better visualised by regional indices of wall 
motion score and phase analysis than by global left 
ventricular ejection fraction. А greater than 4096 vol- 
ume defect in thallium tomograms was associated 
with accelerated deterioration in left ventricular func- 
tion. А 4596 volume defect showed the widest spec- 
trum of associated left ventricular function. Anterior 
infarcts were associated with the largest left ventricu- 
lar perfusion defects and deterioration in left ventricu- 
lar function, although extensive inferior infacts 
showed comparable results. 

Thus there may be a critical infarct size above 
which left ventricular function may deteriorate 
rapidly and approaching which value attempts to limit 
infarct size may be most important. The variable left 
ventricular function shown at this critical defect size 
probably reflects the ability of non-infarcted cardiac 
muscle to compensate for the infarct. 


Myocardial perfusion: an assessment by parametric 
digital subtraction angiography 


С ] S Hunter, К Hayward 
Departments of Imaging and Cardiology, Middlesex 
Hospital, London 


There is a need for the objective assessment of 
myocardial perfusion, which may supplement the 
anatomical information obtained by selective coronary 
arteriography. Digital subtraction angiography with 
parametric analysis was used to study six patients: 
Following conventional angiography a timed sequ- 
ence of images was acquired in arrested respiration, 
during and after selective left coronary injection of 
electrocardiogram; three images were stored per car- 
diac cycle for up to 20 cycles. This allowed subse- 
quent optimisation of the image sequence, minimising 
movement artefact. The images were all stored as 
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512 x 512 pixel matrices, offering 0<3 mm of spatial 
resolution. Subsequent computer analysis defined a 
time density curve for each pixel. The time of peak 
arrival of contrast (T-MAX) and the time of % peak 
arrival of contrast (Т-› MAX) were colour coded into 
two parametric images, with normalisation to a heart 
rate of 70 beats/min. The colour coding permitted 
easy appreciation of overall myocardial perfusion 
(T-4 MAX) and allowed objective measurement of 
coronary artery to coronary sinus transit time (T- 
MAX). Two of the six patients had normal.coronary 
arteries; in these cases the transit time from coronary 
artery to the myocardium was 7 s and the transit time 
from the coronary artery to the coronary sinus was 
10 s. The remaining four patients had varying degrees 
of disease severity. The amount of delay in both 
transit times reflected the amount of left coronary 
artery disease. Following administration of sublingual 
vasodilators the abnormal delays were reduced and 
the transit times fell. In one case with severe left coro- 
nary artery disease the artery to sinus and artery to 
myocardium transit times were 13 and 9 s respec- 
tively. These times fell‘to 11 and 8 s respectively fol- 
lowing vasodilatation. 

This method may permit objective assessment of 
myocardial perfusion and supplement anatomical 
information. 


Clinical measurement of ventricular dimensions 
and stroke volume using magnetic resonance 


D B Longmore, C Bland, E D Burman, 

D M Denison, D N Firmin, K M Fox, 

Sir G N Hounsfield, R H Klipstein, A M McNeilly, 
P A Poole-Wilson, R S O Rees, S R Underwood, 
M Watanabe 

National Heart and Chest Hospitals, London 


Magnetic resonance provides a unique non-invasive 
means of delineating cardiac function and structure. 
Measurements taken from magnetic resonance sagit- 
tal, coronal, and transverse sections were compared 
with corresponding measurements from anteropos- 
terior and lateral angiograms in 20 male patients. A 
GEC/Picker superconductor machine at 0:24 Tesla 
with an electrocardiogram R-wave gate was used and 
magnetic resonance end systolic image data were 
acquired between 36 and 12 ms prior to A,. Diastolic 
image data was taken 34 and 10 ms before the 
minimum RR interval. A coronal section was taken at 
the level of the centre of the aortic valve, a sagittal 
section at the greatest vertical diameter of the left 
ventricle and a transverse section at the greatest hori- 
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zontal diameter of the left ventricle. Four angio- 
graphic measurements corresponding to the magnetic 
resonance slices were made as follows: (a) vertical 
diameter in anteroposterior projection, (b) vertical 
diameter from centre of aortic valve to inferior wall on 
lateral projection, (c) transverse diameter on 
anteroposterior projection, and (d) anteroposterior 
diameter on lateral projection. Significant correlations 
were obtained from both measurements taken from 
the anteroposterior angiographic projection 
(r=0-50-0-78) but no significant correlation was 
found from those obtained in the lateral views. The 
ability of the magnetic resonance to measure ventricu- 
lar volumes accurately was further tested in 14 normal 
subjects by comparing the left and right ventricular 
stroke volumes using a multislice technique. The 
right ventricular stroke volume was 74(6) ml (mean 
(SEM)) and left ventricular stroke volume 72(4) ml 
(p? 0-05). 

These findings indicate that magnetic resonance 
provides a non-invasive means of measuring ventricu- 
lar dimensions and stroke volumes. 


Non-invasive assessment of right ventricular 
function at rest and on exercise in obstructive 
airways disease 


Ann Tweddel, W Martin, I McGhie, B Neilly, 
R Stevenson, I Hutton 

University Department of Cardiology, Royal 
Infirmary, Glasgow 


Non-invasive assessment of right ventricular function 
is of clinical interest in the patient with obstructive 
airways disease. Gated xenon-133 scanning allows 
right ventricular function to be evaluated in isolation 
from the left ventricle, and with rapid clearance from 
the lungs scans may be repeated within 5 minutes. 
Four hundred millibecquerels of xenon-133 were 
injected intravenously over 20s and images were 
obtained gated to the electrocardiogram, using a 
mobile gammacamera in the 10° left anterior oblique 
projection with 6° caudal tilt for optimal separation of 
atrium from lung. Acquisition was initiated when 
xenon activity reached the right ventricle and was 
terminated as activity left the ventricle. Maximal 
symptom limited exercise was performed on a supine 
bicycle ergometer. The normal range for right ven- 
tricular ejection fraction was obtained from 10 volun- 
teers (40-55% at rest rising by 5-15% during exer- 
cise). In 10 patients with acute obstructive airways 
disease, all had reduced values (21(3)%. In chronic 
obstructive airways disease, if resting values were gre- 
ater than 30%, ejection fraction increased on exercise. 
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If resting ejection fraction was abnormal then values 
were reduced or unchanged on exercise (mean 
15(9)%), and this was associated with dilatation of 
both the right ventricle and atrium. In 20 patients in 
whom simultaneous haemodynamic measurements 
were made, increased calculated pulmonary vascular 
resistance at rest tended to be associated with reduced 
right ventricular ejection fraction. On exercise, how- 
ever, there was no definite correlation between the 
haemodynamic variables and the exercise right ven- 
tricular ejection fraction response. 

In conclusion, gated xenon-133 offers a simple 
method of assessing right ventricular function at rest 
and on exercise in patients with obstructive airways 
disease. 


Survival from ventricular fibrillation 


H M Dunn, J M McComb, G MacKenzie, 

AAJ Adgey 

Regional Medical Cardiology Centre and Department 
of Community Medicine, Royal Victoria Hospital and 
Queen’s University, Belfast 


Many factors are involved in predicting survival fol- 
lowing ventricular fibrillation. This study identified 
the most significant factors present at the initial and 
last arrests which predicted survival to leave hospital. 
During 1983 125 patients (79 male, 46 female aged 
16-91 (mean 64) years) were managed with 173 
episodes of ventricular fibrillation: 106 had a single 
episode, forty six had ventricular fibrillation outside 
hospital, and 53 survived to leave hospital. At the 
initial arrest, 86 patients had primary ventricular 
fibrillation (absence of heart failure or cardiogenic 
shock). Using single factor analysis of the initial 
arrest, the place of arrest, aetiology of ventricular 
fibrillation, coarse ventricular fibrillation—that is, 
70-5 mV before the first shock—or prior treatment 
with beta blocking drugs, diuretics, or digoxin were 
not related to survival to leave hospital. Nevertheless, 
those who had ventricular fibrillation <24 hours from 
the onset of symptoms (p« 0-02), received the first DC 
shock «1 min after ventricular fibrillation developed 
(р<0-01), or who required «5 shocks to terminate the 
ventricular fibrillation (p<0-01) had a significantly 
improved long term survival. The average number of 
shocks required at the first arrest in those who sur- 
vived to leave hospital was three and for those who did 
not survive, five. After correction of ventricular fibril- 
lation, if the rhythm was idioventricular, complete 
heart block, or asystole this was associated with a 
worse prognosis (p« 0-01). A discriminant function 
analysis of the initial arrest showed that if <5 shocks 
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were necessary to correct ventricular fibrillation the 
time from onset of ventricular fibrillation to the first 
shock («1 min), type of ventricular fibrillation (prim- 
ary), and absence of antiarrhythmic therapy were of 
greatest significance in predicting survival. At the last 
arrest factors of most significance were «5 shocks to 
correct ventricular fibrillation, primary ventricular 
fibrillation, absence of antiarrhythmic therapy, and 
absence of a previous cardiac arrest. For the initial 
arrest the sensitivity and specificity of predicted sur- 
vival were 5996 and 8996 and for the last arrest 7896 
and 7596 respectively. 


Prognostic significance of ventricular arrhythmia 
after repair of tetralogy of Fallot: a prospective 
study 


J Deanfield, R Franklin, W J McKenna, Sian Dickie, 
W Gersony, Katherine Hallidie-Smith 

Hospital for Sick Children and Hammersmith 
Hospital, London 


Ventricular arrhythmia is common after repair of tet- 
ralogy of Fallot, but the prognostic significance and 
the indications for therapy are unknown. A prospec- 
tive study of 86 patients (59 male, 27 female) who had 
undergone repair between 1959 and 1978 (at age 3-45 
(mean 13-6) years) was performed. All underwent 48 
hour electrocardiographic monitoring 4-22 (mean 
14-6) years after surgery: 77 (89%) had postoperative 
haemodynamic data and 38 (44%) radionuclide 
angiography. Thirty nine (45%) patients had 
significant ventricular arrhythmia consisting of fre- 
quent (>30/hour) uniform extrasystoles (two 
patients), complex extrasystoles (30 patients), or ven- 
tricular tachycardia (seven patients). Only 15 patients 
were symptomatic (11 palpitation, four syncope). Of 
these, eight had ventricular arrhythmia, four sup- 
raventricular tachycardia, and 10 were started on 
antiarrhythmic medication. There were no significant 
clinical or haemodynamic differences between asymp- 
tomatic and symptomatic patients. All 86 patients 
were then followed for a further 44-78 (mean 63) 
months with no drug treatment given to asymptoma- 
tic patients. During this time one patient died sud- 
denly (eight extrasystoles on previous 48 hour 
monitoring) and only one showed increased symp- 
toms requiring treatment. All high risk patients with 
complex ventricular arrhythmia or ventricular 
tachycardia and either high (>60 mm Hg) right ven- 
tricular pressures (seven patients) or reduced right 
ventricular ejection fraction (six patients) remained 
alive and well. Thus ventricular arrhythmia did not 
affect the excellent outlook of patients after repair of 
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tetralogy of Fallot, regardless of residual 
haemodynamic disturbances or impaired ventricular 
function. There does not appear to be any advantage 
in potentially dangerous long term prophylactic anti- 
arrhythmic therapy for asymptomatic postoperative 
patients. 


Ablation of atrioventricular nodal conduction using 
50 J and an active fixation electrode 


P Holt, E Boyd, J Crick, E Sowton 
Guy’s Hospital, London 


Endocardial ablation of the His bundle has been 
attempted using high energies and standard pacing 
electrodes. In this study a reduction in energy 
requirements was attempted using an active fixation 
electrode. 

Ten patients (five men, five women) aged 34-69 
years were studied. Six had paroxysmal atrial fibrilla- 
tion, three tachycardias due to dual atrioventricular 
nodal pathways, and one a concealed left accessory 
atrioventricular pathway. A temporary pacing elec- 
trode was inserted into the right ventricle, and a Vit- 
raton Helifix electrode positioned via the right 
femoral vein to obtain the maximal His bundle 
deflection. Four shocks of 50 J each were delivered 
via the latter electrode at one minute intervals. The 
anodal output of the defibrillator was connected to a 
paddle placed on the posterior chest wall. Blood for 
cardiac enzyme estimation was obtained. All patients 
developed complete heart block immediately post- 
ablation. This persisted in seven patients, while two 
had first degree atrioventricular block and right bun- 
dle branch block (follow up 2-5 months). These nine 
patients were all asymptomatic on no drug therapy; 
eight required permanent pacemakers. Atrioventricu- 
lar conduction returned in only one of 10. There were 
no complications. The A:H ratio and creatine phos- 
phokinase values were unrelated to the outcome. 


Catheter ablation of normal and abnormal 
atrioventricular pathways: long term follow up 


A W Nathan, D W Davies, G S Butrous, 

J E Creamer, K J Hellestrand, R S Bexton, 
RA J Spurrell, A J Camm 

St Bartholomew’s Hospital, London 


Ina single centre, 28 patients have been followed for 2 
to 37 (mean 16) months after catheter ablation of 


. either normal or abnormal atrioventricular conduc- 
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tion pathways. One had persistent sinus tachycardia, 
three chronic atrial tachycardia, four paroxysmal 
atrial flutter, 11 atrial fibrillation, and nine parox- 
ysmal junctional tachycardias. The pathways treated 
were the normal atrioventricular node His bundle in 
20 patients, dual atrioventricular nodal pathways in 
one, and atrioventricular accessory pathways in six 
(posteroseptal, 4; anteroseptal, one; left freewall, 
one), and both a posteroseptal accessory pathway and 
the atrioventricular node in one. In the patients in 
whom atrioventricular nodal ablation was attempted, 
between 1 and eight (mean 3-5) shocks (320 to 350 J) 
were given. Seventeen (8096) patients have persistent 
complete heart block, two (1096) have much slower 
atrioventricular conduction, and two (1096) have had 


unsuccessful procedures. All but the latter two have ` 


received pacemakers and are asymptornatic. In those 
in whom accessory pathway ablation was attempted 
from the coronary sinus, between five to 46 shocks of 
up to 125 J per pole were given. In two there was 
complete ablation, in two significant modification of 
conduction, and in two no effect. In the patient with 
dual atrioventricular nodal pathways five shocks were 
used, and in the patient with an anteroseptal accessory 
pathway one shock was used, and both were cured. 

- All patients are alive. Cardiac enzymes were raised 
in 23 of the patients (mean serum asparate amino- 
transferase 99 IU/1 (normal <40); mean hydroxybuty- 
rate dehydrogenase 183 ТОЛ (normal <125)) but no 
patient suffered clinical infarction or had signs of car- 
diac decompensation. Complications consisted of 
early ventricular tachycardia in three, pneumonia in 
one, and.deep vein thrombosis in one. Long term 
results from atrioventricular catheter ablation are 
excellent, and the procedure is relatively safe with 
minimal complications. 


Responsiveness of pulsed Doppler cardiac output 
measurements to changes in left ventricular 
function 


А D Timmis, L M К Bojanowski, Y C Najm, 
R G Gosling 

Departments of Cardiology and Ultrasonic 
Angiology, Guy's Hospital, London 


Clinical validation of non-invasive measures of cardiac 
output requires not only that they should correlate 
closely with measures obtained by established techni- 
ques but also that they should be rapidly responsive to 
changing left ventricular function. In the present 
study simultaneous bedside measurements of cardiac 
output by thermodilution and by the pulsed Doppler 
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technique were made in 10 patients during incremen- 
tal atrial pacing, inotropic stimulation (dobutamine 
250 to 1000 ug/min IV) and vasodilatation (nitro- 
glycerin 10 to 90 ug/min IV). Fixed rate atrial pacing 
controlled for changes in heart rate during the drug 
interventions. À total of 110 cardiac output measure- 
ments (ranging from 2:1 to 15-0 l/min) made by both 
techniques showed a close linear correlation (г= 0:90) 
described by the regression equation Ү=0:15+1:04Х 
(p«0-001). Thermodilution cardiac output was not 
significantly affected by atrial pacing but increased 
during dobutamine infusion from 5-8(3-2) to 
6-9(2-8) l/min (p<0-05). Nitroglycerin on the other 
hand lowered thermodilution cardiac output from 
6-7(1-9) to 5-6(1-7) l/min (p<0-05) owing to a reduc- 
tion in pulmonary capillary wedge pressure from 
21-1(4-8) to 12:9(4-4) mm Hg (p<0-05). Directional 
changes in Doppler cardiac output measurements in 
response to the interventions were identical and mean 
values were always within 0-6 l/min of thermodilution 
values. The inotropic response to dobutamine was 
reflected in a sharp rise in peak aortic blood velocity 
from 70(29) to 89(31) cm/s, but this variable was 
unaffected by nitroglycerin. 

Thus the pulsed Doppler technique provides a reli- 
able non-invasive means of measuring cardiac ouput 
at the bedside. Importantly, measurements obtained 
by this technique are rapidly sensitive to changes in 
output induced by inotropic stimulation or preload 
reduction. 


Cross sectional and pulsed Doppler 
echocardiographic study of aortic root in idiopathic 
infantile hypercalcaemia (Williams-Beuren 
syndrome) 


S Karas, U S V Balaram, A Nadazdin, 
K A Hallidie-Smith 
Royal Postgraduate Medical School, London 


Idiopathic hypercalcaemia is often associated with 
supravalve aortic stenosis. In the present study the 


aortic root anatomy was studied by cross sectional and 


pulsed Doppler echocardiography. Forty nine succes- 
sive patients with idiopathic hypercalcaemia (mean 
age 10-0 years) were studied without regard to the 
previous documentation of cardiac murmurs or 
defects. Aortic root was studied by cross sectional 
echocardiography in the parasternal long axis view 
and pulsed Doppler echocardiography was used to 
detect disturbances in the normal flow pattern. The 
results were compared with normal age matched con- 
trols with a mean age of 9-8 years in whom the same 
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procedures were carried out. The internal diameter of 
the aortic root and ascending aorta were measured in 
end diastole at (а) aortic annulus (D1), (b) sinuses of 
Valsalva (D2), (c) sinotubular junction—junction of 
the aortic root with the ascending aorta—(D3), and 
(d) distal ascending aorta (D4). In the control group 
the diameter at D3 was greater than D1 (p« 0-005) 
whereas in all the study patients D3 was less than D1 
(p<0-001). Three categories of aortic root abnormal- 
ity were recognised. (а) hourglass constriction at D3 
(42/49), (b) tubular hypoplasia involving D3 and D4 
(5/49), and (c) membranous supravalvar diaphragm at 
D3 (2/49). Pulsed Doppler echocardiography showed 
dispersion of laminar flow in 42/49 patients and in 
none of the controls. Such flow patterns were maximal 
in those with sinotubular narrowing’ (D3) and with 
tubular hypoplasia (D3 and D4). Correlation with 
clinical findings demonstrated that those with absent 
murmurs had the least sinotubular narrowing and 
normal Doppler flow pattern. 

It is concluded that abnormal sinotubular junction 
is an inherent feature of idiopathic hypercalcaemia 
and that its demonstration by cross sectional echocar- 
diography is of diagnostic value. Additionally, serial 
cross sectional echocardiography and pulsed Doppler 
echocardiography examinations may be useful in 
determining the progress and management. 


Intravenous adenosine in the treatment of 
supraventricular tachycardia 


AH Watt, M S Bernard, J Webster, S L Passani, 
M R Stephens 
University Hospital of Wales, Cardiff 


Intravenous adenosine is an effective treatment for 
atrioventricular re-entrant tachycardia induced in the 
electrophysiology laboratory. Initial experience using 
intravenous adenosine in the acute treatment of spon- 
taneous narrow complex, regular tachycardia is pre- 
sented. Ten episodes of tachycardia were treated in 
six patients (four male) aged 22-73 years. Adenosine 
was given in a series of bolus doses, starting at 
40 ug/kg, increasing in steps of 40 ug/kg, to the max- 
imum of 200 pg/kg, if required, except for one 
patient who received an initial dose of 10 pg/kg. 
Adenosine restored sinus rhythm in seven episodes in 
three patients, about 10-30 s after the effective dose 
was injected. Those patients who did not revert to 
sinus rhythm were shown to have atrial flutter. Two 
patients were also receiving dipyridamole therapy. In 
one of these, 40 ug/kg adenosine produced asystole 
lasting 15 s. In the second patient a dose of 10 ug/kg 
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restored sinus rhythm. This dose contrasts with an 
effective dose of 120-200 g/kg in the other patients. 
Dipyridamole potentiates the effects of adenosine by 
limiting red cell uptake and degradation. Side effects 
were usually transient consisting of dyspnoea and 
facial flushing. Our results suggest that in the treat- 
ment of supraventriculár tachycardia (а) adenosine 
may restore sinus rhythm in some patients with sup- 
raventricular tachycardia, although not in patients 
with atrial flutter; (b) dipyridamole potentiates the 
cardiac effects of adenosine (dose reduction is advis- 
able if alarming bradycardias are to be avoided); and 
(c) side effects are slight if an appropriate dose of 
adenosine is given. 

Further studies are required to establish efficacy 
and safety in larger patient groups and to compare 
adenosine with standard treatment. 


Defibrillator waveform and cardiac injury 


C M Wilson, A Bailey, J Anderson, J D Allen, 
AAJ Adgey 

Departments of Physiology, Electrical and Electronic 
Engineering, and Cardiology, Queen's University, 
University of Ulster, and Royal Victoria Hospital, 
Belfast 


Are there differences in the efficacy and safety of dif- 
ferent defibrillator waveforms? То study this 
greyhounds (27-2(0-7) kg) were anaesthetised with 
pentobarbitone (30 mg/kg IV) and randomised to 
receive either no shocks (control group), or to one of 
five groups receiving five synchronised transthoracic 
shocks at intervals of 30 s: group 1, Lown waveform 
(underdamped sine wave); group 2, Edmark 
waveform (critically damped sine wave); group 3, Bel- 
fast waveform (overdamped sine wave); group 4, 
trapezoid (5 ms duration); group 5, trapezoid (20 ms 
duration). Groups 1 to 3 received 400 J stored energy: 
in groups four and five, 1100 V were stored on the 
capacitor. Average first shock delivered energies and 
peak currents were respectively 286, 277, 267, 130, 
and 418 J and 55, 68, 58, 27, and 28 A. Three days 
following the shocks the hearts of six survivors in each 
group were excised and the weight of damaged tissue 
was determined after incubation in 1% triphenyltet- 
razolium chloride. ST segment elevation at one hour 
after the shocks was significantly greater (p<0-05) in 
group 1 (9- (SEM 1:7) mV), group 2 (11-7(2-4) mV), 
and group 3 (14-5(2-2) mV) than in either the control 
(1-1(0-2) mV) or group 4 (1:8(0-4) mV). Ventricular 
ectopic activity at 24 hours was significantly greater 
(p«0-02) in group 2 (202(12) per min) and group 3 
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(216(8) per min) than in any of the other groups 
(group 1, 113(31): group 4, 23(14): group 5, 118(37). 
Group 4 did not differ significantly from the control 
(0-5(0-2) per min). Cardiac damage in the control 
group (nil) and groups 1 (3-5(1-3) g)and 4(0-7(0-3 р) 
did not differ significantly. Groups 2 (16-0(3-7) and 3 
(21-1(2-9)) showed significantly more damage than 
any of the other groups (p« 0-05). 

These results suggest that sine wave defibillators 
vary in their ability to cause damage and that the use 
of trapezoidal waveforms merits further evaluation. 


Incidence and morphology of ischaemic ventricular 
tachycardia 


А А Quyyumi, T Crake, R D Levy, K M Fox 
National Heart Hospital, London 


Ventricular arrhythmias are a frequent cause of sud- 
den death in patients with coronary artery disease. 
The incidence and relation of ventricular tachycardia 
to periods of ischaemia in these patients have not been 
fully investigated. Forty eight hour ambulatory ST 
segment monitoring was performed in 74 consecutive 
patients with coronary artery disease and the record- 
ings for ventricular tachycardia (23 beats, rate 
>100/min) analysed. One patient with single vessel 
disease (4-596), one with two vessel disease (4-596), 
and four with three vessel disease (1396) had episodes 
of non-sustained ventricular tachycardia. Four of 
these patients had ambulatory ST segment changes, 
but ventricular tachycardia was related to these 
episodes in only two patients. These patients had mul- 
tiple (118 and 48) episodes of tachycardia which 
occurred after the onset of ST segment change and 
terminated before the ST segment returned to 
baseline. They occurred in clusters (12(8) episodes in 
each), which were all associated with ST segment 
change. ST segment changes did not follow episodes 
of ventricular tachycardia in any patient. The number 
of ventricular complexes in each episode varied bet- 
ween 3 and 22 beats and were uniform in four of the 
six patients. The mean heart rate before the onset of 
tachycardia was 77(8) beats/min and the rate of 
tachycardia was 153(29) beats/min. Three of the 21 
episodes of tachycardia occurred during the night. 
Less than 1096 of the episodes of tachycardia were 
initiated with the R on T phenomenon. Although ven- 
tricular tachycardia is infrequently associated with 
periods of ischaemia, when this does occur the 
episodes are multiple and frequent. 
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Autonomic tone modulation of atrioventricular 
accessory pathway conduction 


G 5 Butrous, G C Kaye, D W Davies, A W Nathan, 
S O Banim, A J Camm 
St Bartholomew's Hospital, London 


During sinus rhythm and fixed rate atrial pacing sus- 
tained deep inspiration provoked pre-excited QRS 
complexes in two patients with type B Wolff- 


` Parkinson- White syndrome (aged 26 and 54 years). 


The anterograde refractory periods of the accessory 
pathways could not be determined during normal 
breathing but were 540 and 280 ms lying and 300 and 
280 ms standing respectively during sustained deep 
inspiration. Isoprenaline (3 ug/min) but not atropine 
(0-04 mg/kg) provoked pre-excitation in sinus rhythm 
during normal breathing. Atropine as well as prop- 
ranolol (0-2 mg/kg) decreased the provocation of pre- 
excitation by sustained deep inspiration. Pre- 
excitation was provoked only during the first three 
minutes of exercise but reappeared immediatly after 
exercise. The vacuum neck collar (pure parasym- 
pathetic effect) prolonged the RR interval but did not 
provoke pre-excitation. The Valsalva manoeuvre at 
35 mm Hg for 15 s during sinus rhythm provoked 
pre-excitation during phase 4 (parasympathetic pre- 
dominant) in the two patients but not during phase 2 
(sympathetic predominant). The effect of the Valsalva 
manoeuvre was studied in 17 other patients with 
Wolff-Parkinson-White syndrome. In nine (53%) 
patients the pre-excitation decreased or disappeared 
in phase 2 but increased in the early stages of phase 4 
in 12 (7196). These effects were not due to changes in 
the atrioventricular conduction time (AH interval). 
These observations suggested that pre-excitation was 
usually provoked when parasympathetic stimulation 
occurred against a background of high sympathetic 
tone (as in sustained deep inspiration, Valsalva man- 
oeuvre, isoprenaline infusion, and postexercise). This 
demonstrates (а) the mutual agonistic effect between 
the sympathetic and parasympathetic tone and (b) the 
importance of sympathetic-parasympathetic balance 
on the regulation of accessory pathway conduction. 


Polyuria associated with supraventricular 
tachycardias 


G C Kaye, A W Nathan, A J Camm 
St Bartholomew's Hospital, London 


Supraventricular tachycardias may be associated with 
distressing polyuria. The mechanisms of this 
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phenomenon were investigated in six patients in 
whom tachycardia was initiated by programmed 
stimulation. Four patients had atrioventricular re- 
entrant tachycardia and two atrioventricular nodal 
re-entrant tachycardia. Their ages ranged from 23-72 
(mean 46) years. Two patients complained of 
polyuria. Changes in blood pressure, urinary sodium 
and free water excretion, and plasma antidiuretic 
hormone, noradrenaline, and dopamine were assessed 
during sinus rhythm and tachycardia, urine was 
obtained by voluntary micturition at frequent inter- 
vals, and each patient was water loaded to achieve a 
constant baseline urine flow. When this was achieved 
the arrhythmia was initiated by either rapid atrial pac- 
ing or atrial extrastimuli and this was performed at a 
similar time of day in each patient. The mean 
tachycardia rate during the study was 184 beats/min 
and the mean tachycardia duration was 28 minutes. 
Imniediately following the arrhythmia there was an 
increase in free water excretion from a mean of 
3.8 ml/min to a mean of 7.8 ml/min in five cases. 
Sodium excretion increased from a mean of 
1-2 mmol/ml to a mean of 1-7 mmol/ml. in four cases 
and was unchanged in two. In these two cases the 
arrhythmia was atrioventricular re-entrant tachycar- 
dia. There was no correlation between sodium excre- 
tion and mean blood pressure during tachycardia. 
There was no relation between dopamine and norad- 
renaline concentrations and sodium and free water 
excretion. Plasma antidiuretic hormone concentra- 
tions were consistently low during the study 
confirming the efficacy of the water loading. 

In conclusion this study demonstrates that the 
diuresis accompanying supraventricular tachycardias 
is in some cases due to an increase in both free water 
and sodium excretion but may also be due to an 
increase in free water excretion alone. 


Analysis of pacing policy and outcome in a single 
district pacing service with high implant rate: over 
enthusiasm or responsible practice? 


D К Menon, А D Malcolm 
Airedale General Hospital, Keighley, West Yorkshire 


Audit of indications for permanent pacemaker 
implantation for a single district pacing service was 
occasioned by discovery of a pacing rate well above 
the estimated national average (197-9 vs 114-5 
implants/million population/year for 1981). Over a 5-8 
year period 177 patients (97 male and 80 female, mean 
age 68:9 (range 30-97) years) underwent first implan- 
tation of a permanent pacemaker (mean implant rate 
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179-S/million роршайоп/уеаг). Indications for - 
implantation were classified according to guidelines 
set out by the Joint American College of Cardiology/ 
American Heart Association Task Force on Assess- 
ment of Cardiovascular Procedures, published in 
August 1984. In 144 (81-496) patients sinoatrial 
(62-596) or atrioventricular conduction abnormalities 
were documented; 104 (72-296) of these were class I 
indications (general agreed indications) and the 
remainder class II (frequently accepted indications). 
In 11 (6296) patients, although a slow pulse was 
found during acute episodes, electrocardiographic 
documentation was never achieved. All but one of 
these patients were rendered symptom free by pacing. 
In 22 (12-496) patients neither a slow pulse nor elec- 
trocardiographic documentation was recorded, and 
pacemaker implantation was prompted by a history 
thought to be typical of Stokes-Adams attacks. On 
follow up over periods ranging from 6—42 months, 12 
(54-596) of these were rendered symptom free; eight 
(36-496) had symptomatic episodes that seemed dif- 
ferent from the ones that had prompted pacemaker 
implantation and two (9:196) had no change in symp- 
toms. 

It is concluded that this policy of pacing symptoma- 
tic patients with sinoatrial abnormalities and carefully 
selected patients with a history strongly suggestive of 
Stokes-Adams attacks is an effective approach and 
results in an acceptably low risk of inappropriate 
pacemaker implantation. 


Initial clinical experience with a new software based 
tachycardia reversion pacemaker 


A W Nathan, D W Davies, M B Sweeney, A J Camm 
St Bartholomew’s Hospital, London 


Current generation antitachycardia pacemakers suffer 
from limitations concerning detection and distinction 
of pathological tachycardia and also from the termina- 
tion modes available. To overcome many of these 
limitations, a new device (Intermedics Intertach 
262-12) has been developed and has now been tested 
as an external unit in eight patients and implanted in 
three. It is small (49 g) and is bipolar with an inline 
connector. Tachycardia recognition may be achieved 
manually or automatically using high rate, sudden 
onset, rate stability, or sustained high rate, alone or in 
combination. Termination may be effected using 
1-250 stimuli, which may be fixed rate or rate related. 
Extrastimuli or bursts may be scanned with the S, and 
S, to Sn intervals being independently programmed. 
Scanning may start from either preset or from rate 
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related coupling intervals, and there is also a prog- 
rammable memory function, optionally dependent on 
interval similarity. Autodecremental bursts (-rate 
related) are also available. The number and size of 
scanning (or autodecremental) steps can be program- 
med, as can the minimum cycle length. Two termina- 
tion modes, 1? and 2°, may be selected. There is tele- 
metry with full diagnostic functions, and non-invasive 
electrophysiological studies can be performed. The 
pacemaker was implanted in three patients; all with 
atrioventricular nodal re-entrant tachycardia (cycle 
lengths 260, 300, and 330 ms). They had frequent 
tachycardias (one, two, and 12 per month) and had all 
failed drug therapy. Right atrial pacing was used, 
with seven stimuli in rate related scanning modes. All 
three devices terminate tachycardias almost immedi- 
ately without additional drug therapy, and sinus 
tachycardias have not triggered pacing. This 
pacemaker represents a considerable advance over 
previous devices and offers improvements in patient 
management because of its flexibility. 


Ventricular tachycardia masquerading as 
supraventricular tachycardia: management of His 
bundle tachycardia 


C Bucknall, E Ladusans, M J Tynan, P V L Curry 
Cardiac Department, Guy’s Hospital, London 


Until recently, the natural history of children surviv- 
ing with narrow QRS (His bundle) ventricular 
tachycardia was unknown. Most reports indicated a 
poor prognosis and did not provide guidelines for 
effective treatment. Five children (three girls, two 
boys aged 5 weeks to 18 months) have presented with 
His bundle tachycardia at rates of 250-290 beats/min 
since 1978. Since this ventricular tachycardia resem- 
bles supraventricular tachycardia, four had been 
treated inappropriately with digoxin or verapamil, 
causing ventricular tachycardia in three and accelera- 
tion of His bundle tachycardia in one. Careful analysis 
revealed ventriculoatrial dissociation on the elec- 
trocardiogram in four during His bundle tachycardia. 
His bundle tachycardia occurred following a viral 
myocarditis in one; no child had congenital heart dis- 
ease. Until the age of 3 years, 24 hour electrocardiog- 
raphic recording was performed three monthly then 
annually in older children. His bundle tachycardia 
was suppressed and sinus rhythm in four of the five 
children (follow up 1-3-6-3 (mean 3-1) years) by diso- 
pyramide alone in two, disopyramide and mexilitine 
in one, and by mexilitine and amiodarone in the 
other. Disopyramide and mexilitine were used 


681 


together to control the His bundle tachycardia rate at 
100-130 beats/min in the fifth child; attempts to 
further suppress the His bundle tachycardia resulted 
in sinus node depression and cardiotoxicity. All 
treatment has been withdrawn in one child who has 
been free of His bundle tachycardia for three years. 
There has been no recurrence thus far three months 
off all drugs. There has been no apparent adverse 
effects of long term high dose antiarrhythmic therapy 
on their physical or academic development. Although 
intravenous verapamil is usually the most appropriate 
antiarrhythmic agent for the emergency treatment of 
narrow QRS tachycardia, the response to this nodal 
drug must be monitored carefully. If no slowing 
occurs after two thirds of the recommended dose or if 
ventriculoatrial dissociation is seen on the electrocar- 
diogram, then His bundle tachycardia should be sus- 
pected and treatment replaced with a class I drug—for 
example, disopyramide. 


Prevention of leg wound complications associated 
with saphenous vein harvesting for bypass grafting 
using the Mayo vein stripper 


W R Dimitri, B T Williams, I E West 
St Thomas’ Hospital, London 


Conventional techniques of vein harvesting are time 
consuming and may result in serious complications. 
In an attempt to expedite vein removal without com- 
promising its integrity and prevent the early and late 
morbidity of open dissection, a prospective study was 
undertaken to evaluate a method of limited sub- 
cutaneous dissection using the Mayo vein stripper. 
The early and late clinical findings in 297 unselected 
consecutive patients are discussed. An appraisal of the 
operative technique illustrating its distinct advantages 
is presented. The harvesting technique is quick and 
easy to learn. Limited tissue dissection, reduction in 
harvesting time, and rapid wound closure expedite 
the entire surgical procedure. There was no instance 
of wound dehiscence or frank sepsis and no patient 
required re-exploration. Superficial wound inflamma- 
tion occurred in 3% of patients, wound haematoma 
(mainly groin) in 1-6%, saphenous nerve damage in 
1-3%, and persistent leg oedema in 0-396 of cases. 
Light and scanning electron microscope studies 
confirm lack of trauma to the main trunk, particularly 
the tributaries. Symptomatically the patients were 
notably more comfortable, as manifested by early and 
improved mobility and a dramatic reduction of early 
and late morbidity associated with leg incisions, par- 
ticularly if the patient is overweight, diabetic, or suf- 
fered concomitant peripheral vascular ischaemia and 
neuropathy. 
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Intraoperative real time scanning during coronary 
and peripheral vascular surgery: morphological 
appearances and postanastomotic imaging 


W Dimitri, R N Sapsford, R Stanbridge, 
A Nicolaides 
St Mary's Hospital, London 


The use of high resolution real time ultrasound was 
explored intraoperatively during coronary, carotid, 
and peripheral vascular reconstruction. А 12 MHz 
scanning probe was used and the findings in 30 
patients undergoing myocardial revascularisation and 
20-undergoing carotid and peripheral vascular recon- 
struction were analysed. Scanning was rapidly 
achieved without any complications. Scanning tech- 
niques are described with special reference to the 
value of postanastomotic and postendarterectomy 
imaging. The percentage decrease in diameter of 30 
coronary angiographic lesions was correlated with the 
same measurement on the corresponding ultrasonic 
images. The mean difference was 2:596 (SD 9-896) and 
a correlation coefficient of 0-87. 

Real time operative ultrasound offers a safe, rapid, 
and readily available means of obtaining high resolu- 
tion images in multidimensional views with sufficient 
detail to allow accurate estimates of luminal diameter 
and quantitative assessment of obstructive lesions. It 
is useful in identifying obscure coronary arteries and 
-selecting suitable anastomotic sites thereby aiding 
decision making. Postanastomotic imaging defines 
technical errors, allows early correction of defects 
when indicated, and provides feedback on surgical 
techniques. 


Valve surgery for active infective endocarditis: 
factors affecting mortality 


D Mehta, M J Goldberg, V J Redding 
Regional Cardiac Unit, Groby Road Hospital, 
Leicester 


A retrospective study was conducted into the causes 
of mortality in patients undergoing valve surgery dur- 
ing active infective endocarditis (1975-84). All 48 
patients included in the review continued to show 
signs of active infection at the time of operation. 
Resistant heart failure and inadequate response to 
antimicrobial treatments were major indications for 
surgery. Eighty five percent (n=41) had positive 
blood or valve cultures; 61% of these had streptococ- 
cal and 34% staphylococcal infections. Perioperative 
- mortality. (surgery 30 days) was 27% (n=13), most 
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fatalities being during induction of anaesthesia or at 
surgery. There was a 75% mortality of Staphylococcus 
albus prosthetic endocarditis. The overall mortality of 
streptococcal and staphylococcal infections of native 
valve endocarditis was similar (15%). Only one 
patient died, however, out of 12 with Streptococcus 
viridans endocarditis. As expected patients with 
impaired renal function (judged by preoperative 
blood urea and creatinine) had a higher mortality. 
There was no difference in duration of antibiotic 
treatment prior to surgery between the fatal and non- 
fatal groups. Seven out of 35 developed postoperative 
paravalvar leaks, five requiring reoperation. Two 
developed fatal aneurysms of ascending aorta 18 to 28 
months postoperatively at the site of the aortic vent. 

The overall mortality reported in medically treated 
endocarditis is in the region of 25% with 60% morta- 
lity in patients with heart failure. Apart from the pre- 
sent cases with Staph albus infections of prosthetic 
valves that had a high mortality the perioperative 
mortality in these relatively sick patients with active 
infective endocarditis resistant to medical treatment 
was 17%. Thus valve surgery is positively indicated in 
this group. 


Hypercholesterolaemia and endothelium dependent 
vasomotor responses 


S P Chappell, T M Griffith; M J Lewis, 

А Н Henderson 

Departments of Cardiology, Radiology, and 
Pharmacology, University of Wales College of 
Medicine, Cardiff 


Experimental hypercholesterolaemia has been re- 
ported to enhance vasoconstrictor responses. One 
explanation might be reduced activity of endothelium 
derived relaxant factor. This possibility was explored 
with isolated aortic ring preparations from 20 week 
old rabbits (male New Zealand white) after free feed- 
ing with standard diet or diet enriched with 2% 
cholesterol for 10 weeks. Endothelium was removed 
from half the rings by gentle abrasion. Preparations 
were mounted isometrically in oxygenated Holman's 
solution at 37°C (n>23 for each experiment). In con- 
trol preparations, the maximum response to 
S-hydroxytryptamine (5HT) was greater with 
endothelium than without (1526(SEM 109) vs 
1251(82) mg, p<0-05), shown previously to be due to 
basal endothelium derived relaxant factor activity. In 
hypercholesterolaemic preparations endothelium did 
not significantly affect the SHT response. In neither 
control nor hypercholesterolaemic preparations did 


Proceedings of the British Cardiac Society 


endothelium significantly alter maximum response or 
EC,, to ergometrine. Maximum responses to SHT or 
ergometrine, with or without endothelium, did not 
differ between control and hypercholesterolaemic 
preparations, implying that smooth muscle constric- 
tor responses were not altered by cholesterol feeding. 
Acetylcholine (210-9 mol/l) induced, endothelium 


dependent relaxation, in preparations preconstricted . 


with SHT, was significantly greater in control than 
hypercholesterolaemic preparations (for example, at 
10-5 mol/l, 70(5) vs 10(5)%, p<0-005). This implies 
less endothelium derived relaxant factor activity in 
hypercholesterolaemic animals. Whether this reflects 
reduced reduction, release, activity, or penetration is 
unknown. Endothelium derived relaxant factor is 
unstable and increased diffusional distance could 
account for these observations. These -observations 
are consistent with the possibility that atheroma may 
reduce endothelium derived relaxant factor activity 
and enhance constrictor responses in vivo. 


A study of aspirin or sulphinpyrazone in unstable 
angina 


J Cairns, M Gent, J Singer, K Finnie, G Froggatt, 
D Holder, G Jablonsky, W Kostuk, L Melendez, 
M Myers, D Sackett, B Sealey, P Tanser 
McMaster, Toronto, and Western Ontario 
Universities, Canada 


A randomised, double blind, placebo controlled trial 
of aspirin (acetyl salicylic acid) 325 mg four times 
daily or sulphinpyrazone 200 mg four times daily was 
carried out in 555 patients of either sex with unstable 
angina. Patients entered the trial within eight days of 
admission to the coronary care unit and were followed 
for up to two years (mean 19 months). Primary 
analysis of efficacy was based on cardiac death or 
non-fatal myocardial infarction in eligible patients 
who had not been off medication for 28 consecutive 
days preceding an outcome. There was no evidence of 
interaction between the two drugs; therefore out- 
comes were analysed separately for each drug. Aspirin 
reduced the number of cardiac deaths or non-fatal 
myocardial infarction by 5596, from 37 (13%) to 16 
(696) (p=0-004). Sulphinryrazone produced no statis- 
tically significant effect with 27 events off the drug 
and 26 events on the drug. The total number of deaths 
was reduced by 7096 by aspirin, from 22 (8%) to six 
(2%) (р=0:005). Sulphinpyrazone reduced total 
deaths from 15 (5%) to 13 (596) (p=0-329). On the 
basis of an intention to treat analysis, aspirin reduced 
the number of cardiac deaths or non-fatal myocardial 
infarctions from 42 (15%) to 29 (11%), a risk reduc- 
tion of 33% (p=0-053), and reduced all deaths from 
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28 (10%) to 16 (6%), a risk reduction of 43% 
(p=0-036). The observed benefits were similar for 
both sexes. 

It is concluded that aspirin 325 mg four times daily 
results in a marked reduction of cardiac death or non- 
fatal myocardial infarction and of total mortality in 


patients hospitalised with unstable angina. 


Practical aspects of ambulatory ST segment 
monitoring: comparison of frequency modulated 
and direct recording systems 


R D Levy, A A Quyyumi, T Crake, К M Fox 
National Heart Hospital, London 


Ambulatory ST segment recording requires a low fre- 
quency range down to 0-05 Hz which has necessitated 
the use of frequency modulated systems (Oxford 
Medilog II, range 0-05-40 Hz at —3 dB). Recently a 
direct recording system (Reynolds Tracker TRIB, 
range 0-07-100 Hz at —3 dB) has been introduced and 
is widely used in clinical practice for arrhythmia 
monitoring. The purpose of this study is to determine 
whether the Reynolds system is reliable for ST seg- 
ment monitoring in routine clinical practice. Twenty 
four hour ambulatory ST segment monitoring was 
performed concurrently on the Reynolds Tracker and 
Oxford Medilog II systems. Tapes were analysed at 60 
times recorded speed and a trend of ST segments 
obtained with each system. Thirty episodes of trans- 
ient ST depression (71-3 mm) were recorded and 
their onset, duration, and maximum magnitude 
noted. On visual analysis, the Reynolds system 
detected 90% of episodes with one false. positive. Vis- 
ually the mean duration of episodes and the maximum 
magnitude of ST depression were similar using both 
systems. Using the trend analysis the Reynolds sys- 
tem was more accurate (26 out of 30 episodes) than 
the Oxford system (19 out of 30). The Oxford trend 
was more prone to artefacts and particularly inaccu- 
rate for ST depression >3 mm. The mean duration of 
the episodes detected by both.trend systems was iden- 
tical. Thus for routine clinical practice the Reynolds 
Tracker system was capable of detecting.the. majority . - 
of episodes of ST segment depression both visually 
and using the trend analysis with few false positives. 


The “normal” ST segment: a study of ST 
variability in 105 healthy volunteers by ambulatory 
monitoring and exercise testing 


R S Kohli, P Cashman, N $ Khürmi;.M M.Kardash, 
A Lahiri, E B Raftery - 
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Northwick Park Hospital and Clinical Research 
Centre, Harrow, Middlesex 


There is at present no definite consensus on the pat- 
tern of ST segment variability in healthy man. One 
hundred and five normal volunteers (36 women, 69 
men, between the ages of 20—67 years) selected at 


random from the.general population were studied. All. . 


underwent a clinical examination, an electrocardio- 
gram, and questioning regarding their personal and 
family history. They then underwent ambulatory 
electrocardiographic monitoring for 24—48 hours 
(CMS and CCS) using an Oxford Medilog II recorder, 
followed by a symptom limited treadmill exercise test. 
Simultaneous electrocardiograms during exercise 
were made on a fresh Medilog II tape, the signal being 
picked up from the same electrodes as the exercise 
` system. The peak exercise heart rate achieved varied 
from 88% to 9696 of the age predicted maximum, and 
eight subjects showed a positive ischaemic response 
and were excluded from the final analysis. Orthostatic 
testing was performed in all subjects. The J point shift 
on standing varied from a fall of 0-5 mm to a rise of 
0-4 mm in 9696 cases. Only five had a higher shift, 
with falls up to 0-9 mm and rises up to 0-8 mm. Vali- 
.dation of ambulatory ST recording was achieved by 
comparing ST changes with the Medilog and a com- 
puterised exercise system. The standard deviation of 
differences in ST segment was 0-2 mm for lead СМ5 
and 0-3 mm for CC5. Of the tapes analysed, 25% 
revealed episodes of significant abnormal ST depres- 
sion, over half in subjects under 40 years and three 
quarters in men. All episodes of ST depression were 
related to increased heart rate, secondary to some 
activity. Very few cases showed ST elevation. This 
study defines the ST segment behaviour during nor- 
mal life in healthy man and affords a standard with 
which to compare studies in disease. . 


Exercise induced ST depression before and 
immediately after successful left anterior 
descending coronary angioplasty 


C E Handler, D Tsagadopoulos, E Sowton 
Department of Cardiology, Guy's Hospital, London 


Twenty four patients with single vessel left anterior 
descending coronary artery disease (22 miales, mean 
age 52 years) had maximal stress tests one day before 
and three days after successful left anterior descend- 
ing coronary angioplasty to investigate the pattern of 
exercise induced ischaemia due to left anterior 
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descending artery disease detected by a 12 lead 
electrocardiogram and the immediate effects of angio- 
plasty-on reversible myocardial ischaemia and exercise 
variables. Twenty patients had exercise induced ST 
depression before angioplasty. The number of 
patients with ST depression in each lead was: 19, V5; 
14, V6; 11, V4; 5, V3; 5, II; 0, V1, the remaining 
leads each detecting ST depression in one patient. 
Exercise induced angina and ST depression occurred 
in 16 and 20 patients respectively before angioplasty 
and in five (p<0-01) and 10 (p«0-01) after the 
procedure. There was a significant increase in the 
mean maximal exercise duration after angioplasty 
(15:7(8р 7:5) min) compared with the value before 
angioplasty (12-0(3-7) min p<0-001), but there were 
no significant changes in mean maximal heart rate or 
in the maximal rate pressure product. 

It is concluded that (a) reversible ischaemia due to 
left anterior descending coronary artery disease is best 
detected by leads V5 and V6 and not by the septal 
leads during stress testing, (b) features of reversible 
ischaemia and exercise duration are signficantly 
improved immediately after successful angioplasty, 
and (c) ST depression on exercise may persist 
immediately after angioplasty defined as a primary 
success. 


ST segment changes during left anterior descending 
coronary angioplasty: the significance of reciprocal 
changes 


T Crake, A A Quyyumi, R D Levy, A F Rickards, 
K M Fox 


. National Heart Hospital, London 


There is debate about the significance of inferior ST 
segment changes in patients with anterior myocardial 
infarction. At angioplasty continuous six lead (1, II, 
III, V2, V5, and CM5) surface electrocardiograms 
were recorded during balloon inflation in the left 
anterior descending coronary artery. Nine patients 
with single left anterior descending coronary artery 
disease and eight patients with significant stenoses 
also in the circumflex or the right coronary arteries or 
both were studied. ST segment changes were meas- 
ured with a magnifying lens to an accuracy of 0-1 mm. 
In patients with isolated left anterior descending 
artery disease, occlusion resulted in ST elevation in 
V2 in all nine patients (0-8-5-1 mm) and was first 
observed in this lead in six (mean duration 14(12)s). 
Reciprocal ST depression occurred in lead III in seven 
patients, and one patient each had ST elevation and 
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no ST change. In patients with multivessel disease 
and left anterior descending artery occlusion, V2 
showed ST depression in four and ST elevation in 
four, whereas lead III had ST depression only. In 15 
of the 17 patients, occlusion of left anterior descend- 
ing artery resulted in inferior ST segment depression. 
In seven patients with isolated left anterior descend- 
ing artery disease, these changes are likely to be recip- 
rocal. Thus, the presence or timing of inferior ST 
segment changes in the event of left anterior descend- 
ing artery occlusion do not signify presence or absence 
of disease in other vessels. 


Computed tomographic assessment of intracardiac 
thrombus 


C J Foster, T Sekiya, Н G Love, J Griffin, 
IIsherwood 

Department of Cardiology, Manchester Royal 
Infirmary, and Department of Diagnostic Radiology, 
University of Manchester, Manchester 


Thirty eight patients with clinical conditions associ- 
ated with intracardiac thrombus formation were 
studied by computed tomography and cross sectional 
echocardiography within a seven day period. Com- 
puted tomographic scans were performed during 
intravenous infusion of contrast medium at 1 cm 
intervals to image the appropriate cardiac chambers. 
Cross sectional echocardiography was performed in 
long and short axis and apical four chamber views. 
Echocardiography identified five cases of left ventricu- 
lar and one right atrial thrombus. Computed tomo- 
graphy also demonstrated these cases, and in addition 
identified a further eight left ventricular and eight left 
atrial filling defects having the same appearances as in 
those cases in which echocardiography had identified 
a thrombus. Coincidental left ventricular angiography 
confirmed the presence of left ventricular filling defect 
in three of the eight cases identified by computed 
tomography alone. Measurement of thrombus density 
at computed tomography showed a significant 
difference in density (p<0-02) between those cases 
suspected of having new thrombus (for example, 
myocardial infarct) and those with organised throm- 
bus. 

These results suggest that computed tomography is 
an accurate method for identifying intracardiac 
thrombus and for differentiating new from organised 
thrombus. In addition, it may be a useful technique in 
those cases in which echocardiography is unhelpful. 
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The heart in middle aged first time marathon 
runners 


IN Findlay 
Glasgow Universities Marathon Study Group, 
Western Infirmary, Glasgow 


Marathon running continues to increase in popular- 
ity, though in older untrained subjects there is con- 
cern about its effect on the cardiovascular system. 
Forty one previously unfit middle aged men (mean 
аре 43(2) range 35-50 years) who underwent a struc- 
tured training programme involving 3-5 hours run- 
ning by 15 weeks training rising to 8 hours per week 
after 30 weeks were recruited. Cardiac function was 
assessed by first pass radionuclide ventriculography at 
rest and at maximum exercise in 15 subjects using the 
short lived isotope gold-195m. Left ventricular ejec- 
tion fraction rose from 59(5)96 to 66(7)% (p<0-01) 
before and from 61(7)% to 70(6)% (р<0-005) and 
59(8)% to 70(8)% (p<0- 005) after 15 and 30 weeks 
training. Exercise ejection fraction was significantly 
higher after training (p<0-05). Resting end diastolic 
volume did not change (150(32), 156(26), and 160(31) 
EDV units). In 10 subjects cardiac function was asses- 
sed by gated radionuclide ventriculography. A mobile 
gammacamera positioned at the finish enabled a 
postmarathon scan to be performed within 30 minutes 
of finishing. Left ventricular ejection fraction was 
54(6)% before, 61(9)% and 62(9)% after training, and 
was maintained postmarathon at 63(11)%; regional 
wall motion analysis was normal, and moreover no 
significant electrocardiographic change occurred in 
any of study group (n=30). Thus training for the 
marathon increased left ventricular ejection fraction 
response to exercise at an early stage in training, and 
no adverse effect on cardiac function was evident 
immediately after the race. 


Stress induced right ventricular dysfunction: an 
indication of reversible right ventricular ischaemia 


S R Underwood, D Campos Costa, S Walton, 

P J Laming, P J Ell, R W Emanuel, К H Swanton 
Department of Cardiology and Institute of Nuclear 
Medicine, Middlesex Hospital and Medical School, 
London 


Stress induced changes in left ventricular ejection 
fraction are widely used in the detection and assess- 
ment of coronary artery disease. This study demon- 
strates that right ventricular ischaemia may also occur 
and assesses its significance in terms of coronary 
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artery anatomy. Fourteen normal subjects and 26 
with coronary artery disease were studied by equilib- 
rium radionuclide ventriculography at rest and during 
maximal dynamic exercise. Right ventricular ejection 
fraction was calculated from count changes within a 
right ventricular region of interest after functional 
background subtraction. Mean normal resting right 
ventricular ejection fraction was 0-42 (SD 0-13) and all 
normal subjects increased right ventricular ejection 
fraction with stress (mean difference +0-13 (SD 
0-10)). Mean difference in right ventricular ejection 
fraction in the subjects with coronary artery disease 
was significantly lower at 0-00 (SD 0-08), but there 
was overlap between the two groups. The largest falls 
in right ventricular ejection fraction were, however, 
seen if there was severe disease of both right coronary 
and left anterior descending coronary arteries or if 
there was right coronary artery occlusion without 
retrograde filling. In this subgroup with the most 
severely compromised right ventricular perfusion (11 
subjects) right ventricular ejection fraction always fell 
with stress, and mean difference in right ventricular 
ejection fraction was —0-07 (SD 0-05). There was no 
significant correlation between the mean differences 
in left ventricular and right ventricular ejection frac- 
tions, implying that the right ventricular dysfunction 
was due to right ventricular ischaemia rather than 
secondary to left ventricular dysfunction. -Stress 
induced right ventricular ischaemia can therefore be 
detected readily by radionuclide ventriculography. 


Withering Commemoration Symposium 


The following are abstracts of papers that were pre- 
sented on Thursday 18 April 1985, at the joint meet- 
ing of the Association of Physicians and British Car- 
diac Society, to commemorate the bicentenary of the 
publication of William Withering's *An Account of 
the Foxglove.” Other papers on digitalis will appear 
in a later issue. 


Pharmacology of digoxin 


Thomas W Smith 
Brigham and Women's Hospital, Boston, USA 


Among the interesting facets of the pharmacology of 


the cardiac glycosides are the origins of the distinctly - 
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different clinical practices in the use of digoxin extant 
in the United Kingdom and the United States. These 
can be traced in large part to the patterns established 
by Sir James Mackenzie and Henry Christian in the 
early twentieth century. Current areas of active 
research interest considered include the basic mechan- 
ism(s) of digitalis action at the cellular level, which 
were discussed in this lecture chiefly in terms of sar- 
colemmal sodium pump inhibition and its consequ- 
ences. Pharmacokinetics and bioavailability were 
touched on briefly, with comments on the clinical use 
of serum digoxin concentrations. Finally, an update 
was provided on the reversal of advanced life threaten- 
ing digitalis toxicity with purified digoxin specific Fab 
fragments. Sixty three patients have been treated, of 
whom 33 ingested digoxin accidentally or with suici- 
dal intent. Digoxin specific Fab doses were calculated 
to be equimolar to the body burden of cardiac 
glycoside. The onset of reversal of toxicity was within 
30 minutes in most cases; free serum digoxin concent- 
rations were undetectable within minutes of Fab 
administration. Digoxin induced hyperkalemia was 
reversed in all 29 patients presenting with this abnor- 
mality. Among 56 patients meeting criteria for 
advanced digitalis toxicity who were not yet agonal 
when treated, 53 responded positively and 52 had full 
resolution of toxicity. No obvious adverse reactions to 
treatment were observed. 


Modern views on myocardial contractility 


S V Perry 
Department of Biochemistry, University of Birming- 
ham, Birmingham 


The structures of the contractile and regulatory sys- 
tems of cardiac muscle are very similar to those of 
skeletal muscle but are composed of proteins, the 
synthesis of which are controlled by genes that are 
uniquely expressed in the heart. The general 
metabolic processes involved in adenosine triphos- 
phate production in cardiac muscle are fairly well 
understood and knowledge of them is used in clinical 
practice. Important advances have been made in the 
development of nuclear magnetic resonance techni- 
ques for non-invasively determining metabolic levels 
in the intact working heart and hence monitoring its 
function. Energy transduction in the heart is almost 
certainly very similar to that of other muscles, but the 
precise mechanism still remains uncertain despite 
intensive research. The regulation of contractile activ- 
ity is of special significance to the myocardium, and 
recent investigations have detected aspects that are 


--anique-to cardiac muscle. 
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Digitalis and membranes 


D Noble 
Department of Physiology, University of Oxford, 
Oxford 


The cardiotonic steroids are specific inhibitors of the 
membrane sodium-potassium activated. adenosine 
triphosphatase responsible for the  electrogenic 
exchange of sodium for potassium ions. One of the 
first actions of digitalis therefore is to perturb the sur- 
face membrane current. These current changes and 
their correlation with tension changes have been well 
characterised in recent work. Above 10-7 mol/l, 
strophanthidin reduces outward membrane current 
and increases the force of contraction. At lower con- 
centrations, however, the drug can increase the pump 
current and this may be associated either with a reduc- 
tion in force or with.an increase in force. 

Membrane current changes also occur as a secon- 
dary consequence of changes in pump activity either 
as a result of changes in electrochemical gradients or 
in the form of the “transient inward" current that 
may underlie glycoside induced arrhythmia. It has 
now become possible to reconstruct these and other-: 
glycoside induced changes using a computer-model of- 
electrical activity and calcium sequestration. 


Digitalis for arrhythmias 


Dennis M Krikler 
Royal Postgraduate Medical School, London | 


Excellent anecdotal evidence suggests that some of thè., 
original patients given digitalis by Withering and.his... 
contemporaries responded in exactly the same fashion. 
as was later shown to be the case when, more than a 
century later, atrial fibrillation was recognised and the 
value of digitalis in controlling the ventricular rate by 
influencing atrioventricular nodal conduction demon- 
strated. Subsequently, it was shown to help block 
atrioventricular nodal conduction in atrial flutter but 
on some occasions to cause the return of sinus 
rhythm, often through а transient phase of atrial 
fibrillation. More than 50 years ago, digitalis prepara- 
tions given intravenously were shown sometimes to 
terminate supraventricular arrhythmias, and it 
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became widely used for this purpose. Its relative suc- 
cess rate is, however, low in comparison with more 
recently developed agents, especially some calcium 
antagonists, but it is potentially valuable, either alone 
or in combination with other agents, in the 
prophylaxis of re-entry atrioventricular tachycardias. 
Its greatest value is when given orally in atrial fibrilla- 
tion in order to slow conduction through the atrioven- 
tricular node, where it has not been usurped by other 
agents; it is, however, contraindicated when atrial 
fibrillation complicates pre-excitation. 


Digitalis toxicity 
Charles Fisch 
Indiana University School of Medicine, USA 


Clinical manifestations of digitalis toxicity were 
clearly described by Withering. One hundred years 
later certain digitalis induced arrhythmias were 
inscribed on the smoked drum, the polygraph, and 
shortly thereafter, with, the introduction of the elec- 


: trocardiograph, manifestations of digitalis. toxicity as 
‘recognised today were recorded'in animal and: man. 


With popularisation of the direct writing elec- . 
trocardiograph in the late 'forties and the introduction 
of digitoxin in recommended doses that in retrospect 
appear inappropriately high, the documented preval- 
ence of digitalis toxicity rose rapidly. With increased 
understanding of the interaction. of electrolytes and 


. digitalis and perhaps, but more importantly, the 


widespread use of digoxin in doses derived largely 
from its inotropic action and thus inappropriately low 
for the management of many of arrhythmias, the pre- 
valence of toxicity began to decline. In addition, the 
advent “ОЁ serum concentrations and the widespread 
acceptance of the concept of “therapeutic” concentra- 
"tions, which frequently fall short of the desired clini- 
cal endpoint, served to preclude digitalis toxicity. 

With the decline in digitalis toxicity as a result of 
the above factors, some of the digitalis related 
arrhythmias that once were common are now rarely 
observed. This discussion focused on arrhythmias 
which are highly specific for digitalis toxicity and are 
less commonly encountered. The discussion and 
classification of the arrhythmias are based on their 
most probable electrophysiological mechanism. 


Unfortunately, Dr Fisch was unable to present his paper on 
account of ill health. 


Br Heart F 1985; 53: 688-9 
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Lead specificity of the maximum ST/heart rate slope 


response 


Sir, 

The letter by Beattie et al (1984; 53: 349) contains 
some interesting and remarkable statements, and a 
few are worthy of comment. The letter states that 
“the maximum rate of change of ST amplitude was a 
poor predictor of the extent of coronary artery dis- 
ease" when using “а computerised Frank orthogonal 
lead system." This finding is hardly surprising; 
though the full details of the protocols have not been 
stated, it seems that this report is yet another that has 
used methods different from those used in the Leeds 
test and obtained different results. In Leeds the 
ST/HR slope, using conventional leads plus lead 
CMS, gives results after manual measurement that are 
still consistent with our initial experience; the maxi- 
mal ST/HR slope is an accurate index of the presence 
and severity of myocardial ischaemia, which in the 
patients with anginal pain is assessed and graded 
according to results of coronary arteriography. 

А remarkable feature of the letter on the use of the 
maximal ST/HR slope is the suggestion that this 
“assumes that the ST response to exercise is uniform 
in all leads and that a common pathophysiological 
mechanism—namely a mismatch of myocardial 


oxygen supply and demand—is the sole determinant 
of such a response." Then the letter proceeds to des- 
troy its own suggestion, using the well accepted con- 
tention that  electrocardiographic changes аге 
influenced by the region of the myocardium in which 
ischaemia occurs. 

Perhaps we might be allowed to state that in our use 
of the maximal ST/HR slope there is no need for any 
assumptions to be made; but there are implications of 
the results. Also our up to date experience with the 
maximal ST/HR slope is that this slope is an index of 
myocardial ischaemia; it is still accurate in detecting 
the ischaemia as assessed by coronary angiography in 
a selected group of patients with angina, but it seems 
also in ongoing trials to be an index of myocardial 
ischaemia in patients without coronary constriction, 
for example, in patients with a dilated or hyper- 
trophied left ventricle. 


R J Linden, 

DAS G Mary, 

Department of Cardiovascular Studies, 
University of Leeds, 

Leeds LS2 9JT. 


Radiographic contrast agents in angiocardiography 


Sir, 
Hayward and Dawson are to be congratulated on their 
excellent review of radiographic contrast agents in 
angiocardiography (1984; 52: 361-8). Their statement 
that “the viscosities of the new agents are all appreci- 
ably higher than those of conventional agents” is, 
however, at variance with their Table, which says that 
Niopam 370 is less viscous than Urografin 370 at 
37°C. It is my impression that higher viscosity limits 
the delivery of contrast medium during hand injec- 
tions, as for coronary angiography, but that for really 
high rates of delivery the degree of turbulence of flow 
in the catheter is more.important. This means that for 
pump injections the length and internal diameter of 
the catheter are more critical to delivery than the vis- 
cosity of the contrast medium. 

At present, most cardiac investigations are per- 


formed without serious side effects using ionic media. 
The routine use of these expensive newer media can 
be justified only in certain subgroups of patients—for 
example, in pulmonary angiography, paediatric 
angiocardiography, and in combined coronary/carotid 
examinations. The new media should be made avail- 
able in every department for occasional use in high 
risk adult patients. On occasions, however, it may 
become apparent during a procedure that the patient 
is showing adverse haemodynamic or electrocardio- 
graphic responses to an ionic medium, and it would 
be an advantage to be able to change to a low osmolal- 
ity medium during such a procedure. I and my col- 
leagues at this hospital have studied a number of 
patients for whom a change was made from ionic to 
another medium. In a series of 100 patients in whom 
iopamidol (Niopam) was given for the left ven- 


688 


Correspondence 


triculogram, after coronary angiography with 


. Urografin 370, three patients experienced. some 
“degree of nausea, no patient vomited or retched, and 


there was no incidence of any haemodynamic deterio- 
ration. We have concluded that iopamidol may be 
safely substituted for Urografin 370 during a proce- 
dure. 

The findings compare with our other series in 
which the same sequence using Hexabrix instead of 
iopamidol resulted in a 7-8% incidence of nausea and a 
6-7% incidence of vomiting.! 


] B Partridge 
Department of Radiology, 
Prince Charles Hospital, 
Chermside, 

Queensland 4032, 
Australia. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

We are grateful to Dr Partridge for his comments, 
with which we are in complete agreement. When dis- 
cussing viscosity in our paper we sought to make the 
point that at equal iodine concentrations the new 
agents have significantly higher viscosities than the 
generality of conventional contrast agents. In the par- 
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ticular specific case of Niopam 370 and Urografin 370, 
however, Dr Partridge quite correctly points out that 
there is practically no viscosity difference, as indeed 
our Table shows. ` 
Our department adopts Dr Partridge’s approach of 
using a new contrast agent only in selected patients in 
all radiological procedures requiring an intravascular 
contrast agent, and it is our impression that most 
other departments in the United Kingdom adopt this 
sensible approach. Grainger has made a useful sum- 
mary of criteria for the selection of such patients.! As 
for cardiac radiology in particular, most practitioners 
in the United Kingdom appear to take the reasonable 
view that, in good hands, the incidence of serious 
complications is low and that, though they undoub- 
tedly have strong theoretical advantages, the general 
use of the new agents is at the moment unjustified on 
economic grounds. While savings should be made 
wherever possible without detrimental effect on 
patients it is pertinent to make the point that the cost 
of the contrast material, old or new, is only a very 
small proportion of the total cost of a cardiac study. 


Peter Dawson, 

Roger Hayward, 
Department of Radiology, 
Middlesex Hospital, 
London WIN 8AA. 
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Notices 
Management of cardiac arrhythmias 


An international conference on the management of 
cardiac arrhythmias organised by the British Heart 
Foundation will be held in London from 2 to 4 Sep- 
tember 1987. Further details may be obtained from 
the Organising Committee, British Heart Founda- 
tion, 102 Gloucester Place, London W1H 4DH. 


Travelling fellowship 


The Royal College of Physicians and the British Car- 
diac Society have created a travelling fellowship to 
enable a senior cardiologist from abroad to visit this 
country for a few weeks. The chief purpose of this 
fellowship is to provide the opportunity for contact 
with specialist colleagues and societies that may not be 


available in the fellow's own country; it is restricted to 
physicians from the Third World. The first holder of 
the fellowship is Dr Waldo Fernandez, associate pro- 
fessor of medicine in the Universidad San Marcos, 
Lima, Peru. He spent six weeks in March and April 
visiting centres in London, Oxford, Cambridge, and 
Birmingham where he attended the Spring Meeting of 
the British Cardiac Society. 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 
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tachycardia, denervated human heart and beta blockade (Dhalla 
et al). 108 P 
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testing and arrhythmia monitoring, predicting triple vessel dis- 
ease post myocardial infarction (Bennett et al). 96 P 
blood pressure during, misleading indirect measurement 
(Gould et al). 611 
and coronary angiography, long term follow up of ST segment 
reciprocal change. in acute myocardial infarction (Akhras ef 
al). 95 P 
and coronary artery disease, elevated diastolic blood pressure 
response as indication of severity (Akhras et al). 95 P 
early maximal, and thallium scintigraphy after successful per- 
cutaneous transluminal coronary angioplasty, predictive 
value (Wijns et al). 194 
following myocardial infarction, coronary morphology and 
ventricular function (Murray et al). 85 P 
patients under 55 years (Peart et al). 84 P 
maximal, predischarge and six weeks to assess reproducibil- 
ity of ischaemic abnormalities (Handler & Sowton). 84 P 
and Norris index compared, risk stratification (Murray et al). 
672P 
submaximal, early: correspondence (Wilkes & Watkins). 236 
(Nikolic: Sullivan et al). 471 
difficulty of predicting coronary anatomy and left ven- 
tricular performance (Sullivan et af). 180 
in suspected coronary artery disease, increased diastolic blood 
pressure response (Akhras et al). 598 
and symptoms, in management of angina (Walker & 
Papouchado). 670 P 
tolerance and platelet aggregation in stable angina pectoris, 
effects of iloprost, a stable prostacyclin analogue (Bugiardini et 
al). 94Р 
Fab antibodies, digoxin specific, and amiodarone, in digoxin over- 
dosage: case report (Nicholls et al). 462 
Factor XII deficiency, and myocardial infarction with normal coro- 
nary arteries: case report (Penny et al). 230 
Flecainide 
acetate and successful treatment of atrial tachycardias (Creamer 
et al). 164 
intravenous, for acute onset of tachyarrhythmias (Nathan et af). 
87P 
Gated blood pool emission tomography. to determine left ventricu- 
lar volume and ejection fraction (Underwood et al). 216 
Glyceryl trinitrate, transdermal, efficacy in chronic stable angina 
pectoris (James et al). 631 


Haemostatic factors, and ischaemic heart disease, Caerphilly study 
(Yarnell et al). 483 
Haemostatic variables, in heterozygous familial hypercholes- 
terolaemia, and coronary artery disease (Sugrue et al). 265 
Heart 
denervated, see Denervated 
disease, provision of services for diagnosis and treatment, Eng- 
land and Wales: third report of Joint Cardiology Committee. 
477 
symptomatic, presentation, in infancy, based on 10 years 
experience (1973-82): correspondence (Joseph). 472 
failure, chronic, neuroendocrine and haemodynamic interactions 
during exercise, captopril and prazosin, double blind compari- 
son (Bayliss et al). 107 P 
renal vascular response to neuroendocrine vasodilatation 
(Bayliss et al). 107 P 
therapeutic response, and right ventricular dysfunction 
(Tweddel et al). 108 P 
untreated, diuretic therapy, effect at rest and on exercise 
(Bayliss et af). 106 P 
see also Cardiac failure, congestive 
effects of amrinone, intracoronary and intravenous infusions 
(Wilmshurst et al). 493 
first dose hypotension with captopril (Cleland et al). 672 P 
severe, with abnormalities of peripheral circulation and 
respiratory function (Cowley). 83 Р 
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lung. transplant programme, clinical, development (Wallwork et 
al). 73 P 
in middle aged first time marathon runners (Findlay). 685 P 
rate variability, during acute myocardial infarction, relation to 
ventricular fibrillation (McAreavey et al). 86 P 
valve prostheses, randomised trial (Bloomfield et al). 668 P 
see also Cardiac 
High density lipoprotein-cholesterol, alcohol intake and ischaemic 
heart disease (Pocock et al). 102 P 
His bundle ablation 
catheter, normal and abnormal, long term follow up (Nathan et 
al). 676 P 
high energy, haematological and tissue effects (Boyd & Holt). 
99Р 
using lower energies and active fixation electrode (Holt et al). 
100P 
to treat tachycardias associated with Wolff-Parkinson- White 
syndrome (Ward & Camm). 64 
transvenous, intracardiac contrast echoes during (Rowland et al). 
240 
using 50 J (Holt et al). 676 P 
His bundle conduction, autonomic tone modulation (Butrous et al). 
679 P 
Homograft aortic root replacement, for complicated prosthetic 
valve endocarditis (Crake et al). 72 P 
Hypercalcaemia, idiopathic infantile, cross sectional and pulsed 
Doppler echocardiography (Karas et al). 677 P 
Hypercholesterolaemia 
and endothelium dependent vasomotor responses (Chappell et 
al). 682 P 
familial, and occult coronary artery disease (Hendry et al). 103 P 
heterozygous familial, haemostatic variables, and coronary 
artery disease (Sugrue et al). 265 
Hyperlipidaemia, and coronary artery bypass grafting: editorial 
(Thompson & Sapsford). 237 
Hyperparathyroidism, cardiac hypertrophy, hypertrophic car- 
diomyopathy, an association (Fortune ег af). 112 P 
Hypertension 
nuclear magnetic resonance imaging (Been et al). 91 P 
primary pulmonary, management: editorial (Oakley). 1 
verapamil in: case report (Malčić & Richter). 345 
reactive pulmonary, after switch operation: case report (Damen 
& Hitchcock). 223 
Hyperthyroidism of two different origins, mitral valve prolapse 
(Brauman et al). 374 
Hypertrophic cardiomyopathy see Cardiomyopathy, hypertrophic 
Hypoplastic left heart with complete transposition of great arteries: 
case report (Lang et al). 650 
Hypotension, first dose, with captopril, in heart failure (Cleland et 
al). 672 P 


Iloprost, stable prostacyclin analogue, effects on exercise tolerance 
and platelet aggregation in stable angina pectoris (Burgiardini et 
al). 94 P 

Immunogenicity, and vascular 
(Plowright et al). 556 

Indoramin, effects on angina pectoris (Collins & Sheridan). 488 

Infarct size 
estimated by creatine kinase isoenzyme MB, and mortality 

(Grande et al). 9 
limitation, six drugs, comparative study (Yellon et al). 106 P 
measurement by thallium-201 rotating slant-hole tomography, 
human pathological correlation (Flint et af). 110 P 
reduction (Kübler & Doorey). 5 

Infective endocarditis 

active, valve surgery, factors affecting mortality (Mehta et al). 
682P 

mitral obstruction: case report (Ghosh et al). 341 

vegetations, cross-sectional echocardiography study (Stafford et 
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al). 310 
Inocor see Amrinone 
Inotropic agents, beneficial effects in severe cardiac failure (Tan et 
al). 673 P 
Intracardiac contrast echoes during transvenous His bundle abla- 
tion (Rowland et al). 240 
Ischaemic heart disease : 
haemostatic factors, Caerphilly study (Yarnell et al). 483 
high density lipoprotein-cholesterol and alcohol intake (Pocock 
et al). 102 P 
and low energy intake (Silman & Marr). 624 
and thrombosis: editorial (Meade). 473 
heart failure, oral prenalterol in, and clinical benefits of beta 
blockade (Glover et al). 208 
Isoprenaline, increased sensitivity of denervated human heart 
before and after beta blockade (Yusuf et al). 108 P 


Labetalol 
effects on angina pectoris (Quyyumi et al). 47 
oral, in management of stable angina pectoris in normotensive 

patients (Upward et al). 53 

Laser radiation, argon and Nd-YAG, normal and atheromatous 
arterial walls, quantitative comparative analysis (Bowker et al). 
101 P 

Lead specificity of maximum ST/heart rate slope response: corres- 
pondence (Beattie et al). 349 

Left to right shunts, superiority of radionuclide over oximetric 
measurement (Baker et al). 535 

Leg wound complications, associated with saphenous vein harvest- 
ing for bypass grafting, prevention using Mayo vein stripper 
(Dimitri et al). 681 P 


M-mode echocardiographic features, right atrial embolus (Berg- 
man et al). 552 
Magnetic resonance in clinical measurement of ventricular dimen- 
sions and stroke volume (Longmore et al). 674 P 
Marathon runners, middle aged, first time, heart (Findlay). 685 P 
Mediastinal pancreatic pseudocyst, echocardiographic features: 
case report (Aroney et al). 571 
Membranes and digitalis (Noble). 687 P 
Mesothelioma, atrioventricular node: case report (Nishida et al). 
468 ` 
Mitral 
obstruction in bacterial endocarditis: case report (Ghosh et al). 
341 
orifice method, Doppler echocardiographic measurement of car- 
diac output (Zhang et al). 130 
valve closure, and early systolic function of left ventricle, relation 
between (Smalcelj & Gibson). 436 
disease, complicated case: case report (James et al). 337 
prolapse, associated with other disorders, casual coincidence, 
common link, or fundamental genetic disturbance: editorial 
(Malcolm). 353 
in hyperthyroidism of two different origins (Brauman et al). 
374 
increased prevalence associated with elevated type III:III--I 
collagen ratio (Handler & Child). 115 P 
Mobitz type I second degree atrioventricular block, survival (Shaw 
et al). 587 К 
underestimation (Campbell). 585 
Mustard's operation, for ventriculoarterial concordance, report of 
two cases and a cautionary tale (Arciprete et al). 443 
Myocardial 
contractility, modern views (Perry). 686 P 
dysfunction, tachycardia induced, reversibility (McLaran ег al). 
323 
Myocardial infarction 
and BRL 26921, natural history (Hornung et al). 662 P 
single dose (Vallance et al). 79 P 
caused by plaque fissuring: review (Davies & Thomas). 363 
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creatine kinase isoenzyme MB estimated infarct size, and mor- 
tality (Grande et al). 9 
discharge after four days (Evans et al). 86 P 
early mobilisation, long term survival (West & Henderson). 
243 
exercise tests following, coronary morphology and ventricular 
function (Murray et al). 85 P 
exercise testing following, patients under 55 years (Peart et al). 
84P 
family history, as independent risk factor for coronary heart 
disease (Friedlander et al). 382 
heart rate variability, relation to ventricular fibrillation 
(McAreavey et al). 86 Р 
improvement in exercise induced ST segment depression early 
after (Jones et al). 83 P 
inferior, right ventricular necrosis, prevalence, diagnosis and 
prognosis (Dewhurst et al). 104 P 
and intravenous acyl streptokinase plasminogen complex 
(Lewis et al). 663 P 
left ventricular platelet deposition after: correspondence 
(Spodick). 352 
and left ventricular thrombus, recognition by cross sectional 
echocardiography (Foale et al). 104 P : 
maximal exercise tests, predischarge and six weeks after, to 
assess reproducibility of ischaemic abnormalities (Handler 
& Sowton). 84 P 
myocardial revascularisation during (Sergeant et al). 74 P 
myocarditis confirmed by biopsy presenting as (Costanzo- 
Nordin et al). 25 
with normal coronary arteries and factor XII deficiency: case 
report (Penny et al). 230 
prostacyclin infusion (Henriksson et al). 173 
QRS score limitations in assessing left ventricular function and 
prognosis (Fioretti et al). 248 
radionuclide model (Flint et al). 673 P 
reciprocal ST depression, and coronary artery disease 
(Odemuyiwa et al). 105 P 
Tepetitive ventricular responses in at risk patients, relationship 
to left ventricular function (Pumphrey ef al). 93 P 
risk stratification following, Norris index and exercise testing 
compared (Murray et al). 672 P 
ST segment reciprocal change, long term follow up, correlation 
with exercise testing and coronary angiography (Akhras et 
al). 95 P 
and streptokinase, angiographic assessment (O'Keeffe et al). 
79Р 
submaximal exercise testing early after: correspondence 
(Wilkes & Watkins). 236 (Nikolic: Sullivan et al). 471 
submaximal exercise testing early after, difficulty of predicting 
coronary anatomy and left ventricular performance 
(Sullivan et al). 180 
effect of timolol on changes in serum potassium concentration 
(Nordrehaug et al). 388 
myocardial-ischaemia, exercise induced, effects of placebo on 
indices (Kohli et al). 94 P 
nocturnal, ambulatory ST segment monitoring, mechanisms 
and pathophysiology (Quyyumi). 83 P 
painless, left ventricular volume changes, sequence and mag- 
nitude (Davies et al). 85 P 
perfusion, assessment by parametric digital subtraction angiog- 
raphy (Hunter & Hayward). 674 P 
and function, effect of successful percutaneous transluminal 
coronary angioplasty (Singh et al). 88 P 
Myocarditis confirmed by biopsy presenting as acute myocardial 
infarction (Costanzo-Nordin et al). 25 
Myopericarditis, Coxsackie B, persistent echocardiographic and 
endomyocardial biopsy abnormalities after (O' Neill et al). 113 P 
Myxoma, cardiac, recurring (Gray & Williams). 645 
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arterial walls, quantitative comparative analysis (Bowker et al). 
101P 
Neuroendocrine and haemodynamic interactions, during exercise 
in chronic heart failure, captopril and prazosin, double blind 
comparison (Bayliss et al). 107 P 
Norris index and exercise testing compared, risk stratification fol- 
lowing myocardial infarction (Murray et al). 672 P 
Notices 118, 236, 352, 472, 576, 689 
Nuclear magnetic resonance 
cine imaging, human heart (Jenkins et al). 91 P: (Love et al). 
92P 
in hypertrophic cardiomyopathy and hypertension (Been et al). 
91P 
Obstructive airways disease, right ventricular function, xenon-133 
assessment (Tweddel et al). 675 P 
Oximetric measurement, left to right shunts, superiority of 
radionuclide (Baker et al). 535 
Pace mapping, valuable alternative technique for localisation of 
accessory atrioventricular pathway at surgery (Crick et al). 668 P 
Pacemakers 
inhibited by domestic electrical appliances (Agarwal & Red- 
ding). 74 P 
mediated re-entry tachycardia, prevention by digital analysis of 
atrial electrograms (Davies et al). 75 P 
tachycardia reversion, new software based, initial clinical experi- 
ence (Nathan et al). 680 P 
Pacing 
antitachycardia, comparison of burst overdrive, self-searching, 
and adaptive table scanning programmes (Holt et al). 75 P 
blood pressure and symptoms during (Jones et al). 76 P 
in fourteen children, progress, complications, follow-up, and 
prognosis (Ector et al). 541 
physiological, children (de Giovanni & Silova). 100 P 
policy and outcome in single district pacing service with high 
implant rate (Menon & Malcolm). 680 P 
rate of TX pacemaker, reliability of QT interval to determine 
(Fananapazir & Bennett). 668 P 
Parametric digital subtraction angiography, myocardial perfusion, 
assessment (Hunter & Hayward). 674 P 
Percutaneous balloon pulmonary valvuloplasty (Tynan et al). 520 
Percutaneous balloon valvotomy, for pulmonary valve stenosis 
(Sullivan et al). 666 P 
Percutaneous transluminal coronary angioplasty, absence of late 
relapse following (Sowton et al). 664 P 
early results, factors influencing (Timmis et al). 663 P 
effect on myocardial perfusion and function (Singh et al). 88 P 
radiation hazards (Faulkener. et al). 114 P 
stenosis, recurrence following, changes in stenosis length (Jack- 
son et al). 664 P 
successful, predictive value of early maximal exercise test and 
thallium scintigraphy after (Wijns et al). 194 
in totally occlyded coronary arteries (Singh & Shiu). 89 Р 
in unstable angina (Quigley et al). 88 P 
Pericardial effusions of unknown aetiology, pericardioscopy, new 
approach in management (Westaby). 114 P 
Pericardoscopy, new approach in management of pericardial effu- 
sions of unknown aetiology (Westaby). 114 P 
Plaque fissuring, cause of acute myocardial infarction, sudden 
ischaemic death, and crescendo angina: review (Davies & 
Thomas). 363 
Plasminogen see Streptokinase-plasminogen complex 
Platelet aggregation in stable angina pectoris, effects of iloprost, a 
stable prostacyclin analogue (Bugiardini et al). 94 P 
Polyuria, and supraventricular tachycardias (Kaye et al). 679 P 
Post myocardial infarction 
management, non-invasive 
(Murray et al). 97 P 
triple vessel disease, exercise testing and arrhythmia monitoring 
predicting (Bennett et al). 96 P 
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Prazosin and captopril, neuroendocrine and haemodynamic 
interactions during exercise in chronic heart failure, double blind 
comparison (Bayliss et al). 107 Р 

Pre-excitation due to accessory sinoventricular connexions associ- 
ated with coronary sinus aneurysms, report of two cases (Gerlis 
et al). 314 

Prenalterol, oral, in ischaemic heart failure, and clinical benefits of 
beta blockade (Glover et al). 208 = 

Propranolol 
and diltiazem, alone or combined effects on stable angina pec- 

toris (Kenny et al). 43 
treatment, high dose, beneficial effects in symptomatic hyper- 
trophic cardiomyopathy in infants (Ostman-Smith). 664 P 

Prostacyclin 

generation by autogenous vein grafts, adverse effect of high dose 
aspirin (Gershlick et al). 109 P 

infusion in myocardial infarction (Henriksson et al). 173 

production, and preparation of human saphenous vein for coro- 
nary surgery (Angelini et al). 109 P 
Prosthetic valve endocarditis, homograft aortic root replacement 
(Crake et al). 72 P 
Protamine, complement activation and anaphylactoid response to, 
after cardiopulmonary bypass: case report (Westaby et al). 574 
Pseudoaneurysm of ascending aorta, diagnosis by pulsed Doppler 
cross sectional echocardiography: case report (Wendel et al). 567 
Pseudocyst, mediastinal pancreatic, echocardiographic features: 
case report (Aroney et al). 571 
Pulmonary 
artery pressure, continuous recording: correspondence (Sau- 
marez: Ikram et al). 581 

atresia and Ebstein’s anomaly, and coronary sinus type atrial 
septal defect: case report (Russell & Stovin). 465 

valve stenosis, and percutaneous balloon valvotomy (Sullivan et 
al). 666 P 


QT interval, reliability in determining pacing rate of TX pacemaker 
(Fananapazir & Bennett). 668 P 


Radiation detector, miniature, for monitoring left ventricular vol- 
umes, development (Lahiri et al). 82 P 
Radiation hazards, percutaneous transluminal coronary angioplasty 
(Faulkener et al). 114 P 
Radiographic contrast agents in-angiocardiography: correspon- 
dence (Partridge: Dawson & Hayward). 688 
Radionuclide angiocardiography 
first pass, and valvular regurgitation measurement ( Walton et al). 
91P 
gated, and left ventricular dynamics during exercise (Brownlee & 
Hastings). 74 P 
with gold-195 m, changes in left ventricular function during 
exercise and relation to extent of coronary artery disease (Cap- 
lin et al). 90 P 
left to right shunts, superiority over oximetric (Baker et al). 535 
model, acute myocardial infarction (Flint et al). 673 P 
ventriculography, limitations in non-invasive diagnosis of coro- 
nary artery disease (Wieshammer et al). 603 
Renal vascular response, neuroendocrine vasodilatation, chronic 
heart failure (Bayliss et al). 107 P 
Resuscitation, cardiopulmonary, evaluation of lay skills (van 
Kalmthout et al). 562 


Saphenous vein harvesting for bypass grafting, prevention of leg 
wound complications using Mayo vein stripper (Dimitri et al). 
681 P 

Sinoatrial disease, treatment with Xamoterol (Tseu et al). 88 P 

Sinus of Valsalva, aneurysm, with unruptured right coronary sinus, 
diagnosed by cross sectional echocardiography: case report (Mok 
et al). 226 

Somatostatin, human heart, compared with guinea pig and rat heart 
(Day et al). 153 
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Spectrometry, differential transmission, normal and atheromatous 
arterial wall (Rickards et al), 101 P 
ST segment 
changes, ambulatory, in VE severity of coronary artery dis- 
ease, morphology (Quyyumi et al). 186 
changes during left anterior descending coronary angioplasty, 
significance of reciprocal changes (Crake et al). 684 P 
depression, reciprocal, in acute myocardial infarction, relation- 
ship to coronary artery disease (Odemuyiwa et al). 105 P 
ST/HR slope, predictive value and limitations (Ameisen et-al). 
547 
response, maximum, lead specificity: correspondence (Beattie 
et al). 349: correspondence (Linden & Mary). 688 
monitoring, ambulatory, comparison of frequency modulated 
and direct recording systems (Levy et al). 683 P 
role in clinical practice (Quyyumi et al). 96 P 
nocturnal myocardial ischaemia, mechanisms and 
pathophysiology (Quyyumi). 83 P 
"normal", variability in 105 healthy volunteers by ambulatory 
monitoring and exercise testing (Kohli et al). 683 P 
reciprocal change in acute myocardial infarction, long term fol- 
low up, correlation with exercise testing and coronary angiog- 
raphy (Akhras et al). 95 P 
Stenosis recurrence following coronary angioplasty, changes in 
stenosis length (Jackson et al). 664 P 
Steroids, oral, minimum or none, cardiac transplantation, early and 
medium term results (Yacoub et al). 72 P 
Streptokinase in myocardial infarction, angiographic assessment 
(O'Keeffe et al). 79 P 
Streptokinase—plasminogen complex 
intravenous anisoylated, (BRL 26921), and coronary throm- 
bolysis (Been et al). 253 
and early coronary thrombolysis, double blind placebo control- 
led study (Been et al). 78 P 
single dose, coronary reperfusion following (Hillis et al). 78 P 
myocardial infarction (Been et al). 78 P: (Vallance et al). 79 P: 
(Lewis et al). 663 P: (Hillis et al). 78 P 
natural history (Hornung et al). 662 P 
Stress induced right ventricular dysfunction, indication of revers- 
ible right ventricular ischaemia (Underwood et al). 685 P 
Stroke 
distance, improved measure of cardiovascular function (Gibson). 
121 
volume and cardiac output, assessment by Doppler ultrasound 
alone (Rawles et al). 78 P 
magnetic resonance in clinical measurement (Longmore et al). 
674 P 
Sudden ischaemic death, 
© (Davies & Thomas). 363 
Sulphinpyrazone or aspirin in unstable angine, study (Cairns et al). 
683P 
. Supraventricular tachycardia 
and intravenous adenosine (Watt et af). 678 P 
misdiagnosis of ventricular tachycardia (Dancy et al). 98 P 
and polyuria (Kaye et al). 679 P 
ventricular tachycardia masquerading as, management of His 
bundle tachycardia (Bucknall et af). 681 P 
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T lymphocyte subsets and function, dilated cardiomyopathy, East 
Africa (Sanderson et al). 112 P 
Tachyarrythmias 
acute onset, and intravenous flecainide (Nathan et al). 87 P 
ventricular, sustained, treatment by  electrophysiologically 
directed drug therapy n et al). 667 P 
see also Ventricular 
Tachycardias 
associated with Wolff-Parkinson- White syndrome, treatment by 
transvenous electrical ablation of accessory pathways (Ward & 
Camm). 64 
atrial, successful treatment with flecainide acetate (Creamer et 
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al). 164 
induced myocardial dysfunction, reversibility (McLaran et al). 
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reversion pacemaker, new software based, initial clinical experi- 
ence (Nathan et al). 680 P 
supraventricular, and intravenous adenosine ( Watt et al). 678 P 
ventricular, and hypertrophic cardiomyopathy. improved survi- 
val with amiodarone (McKenna et al). 412 
induced by clonidine withdrawal: case терд (Nakagawa et al). 
654 
Tetralogy of Fallot 
with major aortopulmonary collateral arteries (Ramsay et al). 
167 
primary total correction, under age of 2 years, patient status 10 
or more years after (Martin et al). 666 P 
repair, ventricular arrhythmia after, prognostic significance, 
prospective study (Deanfield et al). 676 P 
Thallium-201 scintigraphy 
clinical role in management and prognosis of coronary artery 
disease (Gammage et al). 111 P 
and coronary arteriography in unstable angina pectoris (Lee et 
al). 671 P 
detection of high risk coronary artery disease (O'Hara et al). 616 
displaying new technique, coronary arteries (Gibson et al). 111 P 
and early maximal exercise test, after successful percutaneous 
transluminal coronary angioplasty, predictive value (Wijns et 
al). 194 
improved detection, coronary heart disease (Tweddel ег al). 
112P 
rotating slant-hole tomography, infarct size measurement, 
human pathological correlation (Flint et al). 110 P 
Thrombolysis 
coronary, : with intravenous anisoylated plasminogen- 
streptokinase complex (BRL 26921) (Been et al). 253 
early coronary, with intravenous BRL 26921, double blind 
. placebo controlled study (Been et al). 78 P 
intracoronary, followed by emergency coronary artery bypass 
surgery for evolving myocardial infarction (Kay et al). 260 
Thrombolytic therapy, intravenous see Streptokinase/plasminogen 
complex 
Thrombosis, and ischaemic heart disease: editorial (Meade). 473 
Thrombus, intracardiac, computed tomographic assessment (Foster 
et al). 685 Р 
Timolol, effect on changes in serum potassium concentration dur- 
ing acute myocardial infarction (Nordrehaug et al). 388 
Total anomalous pulmonary venous connection, cross sectional 
echocardiographic diagnosis (Huhta et al). 525 
surgical correction (Lincoln et al). 76 P 
Training in cardiovascular disease, new guidelines, comments from 
Joint Committee on Higher Medical Training. 335 
Transplantation, cardiac see Cardiac transplantation 
Transposition of great arteries 
anatomic correction, 5 year follow up (Radley- Smith & Yacoub). 
80P 
complete, and hypoplastic left heart: case report (Lang et al). 650 
and narrowing of aortic arch (Moene et al). 58 
reactive pulmonary hypertension after: case report (Damen & 
Hitchcock). 223 
TX pacemaker, reliability of QT interval in determining pacing rate 
(Fananapazir & Bennett). 668 P 


Ultrasound, real time, during coronary and peripheral vascular - 
surgery (Dimitri et al). 682 P 
see also Doppler: Echocardiography 

Unruptured right coronary sinus to left ventricle aneurysm, diag- 
nosed by cross sectional echocardiography: case report (Mok ег 
al). 226 
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dimensions, surgical implications (Westaby et al). 72 P 
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endocarditis, homograft aortic root replacement (Crake et al). 
72P 
surgery for active infective endocarditis, factors affecting mortal- 
ity (Mehta ег al). 682 P 
Valvular regurgitation, measurement by first pass radionuclide 
angiocardiography (Walton et al). 91 P 
Valvuloplasty, percutaneous balloon pulmonary (Tynan et al). 520 
Vascular risk, and immunogenicity, oral contraceptives (Plowright 
et al). 556 
Vasodilatation, neuroendocrine, renal vascular response in chronic 
heart failure (Bayliss et al). 107 P 
Vein 
grafts, autogenous, prostacyclin generation, adverse effect of 
high dose aspirin (Gershlick et al). 109 P 
saphenous, metabolic damage during preparation for coronary 
` bypass surgery (Newby & Angelini). 110 P 
preparation for coronary surgery, and prostacyclin production 
(Angelini et al). 109 P 
Ventricle, ventricular 
arrhythmias, guide to their localisation (Holt et al). 417 
after repair of tetralogy of Fallot, prognostic significance, 
prospective study, (Deanfield et al). 676 P 
surgery, based on new mapping (Campbell et al). 92 P 
. dimension, magnetic resonance in clinical measurement (Long- 
more et al). 674 P 
double inlet, first year of life, outcome (Franklin et al). 666 P 
lung biopsy findings and implications for management 
(Juaneda & Haworth). 515 
dysfunction, coronary artery bypass grafting, preoperative pre- 
dictability (Sergeant et al). 73 Р 
fibrillation, relation to heart rate variability during acute 
myocardial infarction (McA reavey et al). 86P 
survival from (Dunn et al). 675 P 
left, aneurysmectomy, predicting outcome by phase analysis of 
equilibrium radionuclide angiography (Ormerod et al). 81 P 
angiography (Foster et al). 81 P 
bands, morphological study (Gerlis et af). 115 P 
contractile state and reserve capacity after cardiac transplanta- 
tion (Borow et al). 669 P 
dynamics during exercise (Brownlee & Hastings). 74 P 
ejection, prognostic significance after acute myocardial infarc- 
tion, bedside radionuclide study (Kelly et al). 16 
function in coronary artery disease: correspondence (Robson: 
Lahiri & Raftery). 577 
delayed recovery after antithyroid’ treatment: correspon- 
dence (Northover et al: Forfar et al). 579 
pulsed Doppler measurements (Timmis et al). 677 P 
“see also Exercise ` 
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dence (Spodick). 352 
: systole, early, and mitral valve closure, relation between 
(Smalcelj & Gibson). 436 
thrombi, recognised by echocardiography and cineangiogra- 
phy (Takamoto et al). 36 
in acute myocardial infarction, recognition by cross sectional 
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echocardiography (Foale et al). 104 P 
volume, development of miniature radiation detector for 
monitoring (Lahiri et al). 82 P 
and ejection fraction determined by gated blood pool emis- 
sion tomography (Underwood et al). 216 
refractory period, continuous measurement, and prediction of 
imminent loss of capture from ventricular paced avoked 
response (Perrins et al). 76 P В 
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blades. 


You can recognise a Swann-Morton 
scalpel blade by its initial sharpness 
and durability which is of a uniform Swann-Morton blades d4re-avaNable in 


maximum high standard. O stainless or carbon 
Swann-Morton produce Morton steel in sterile Tg 
universally accepted # — Swann-Morton Ltd., non-steNle' in packs 


a 
scalpel blade shapes — Penn Works, Owlerton Green, > | 
` Sheffield, S6 2BJ, England. Tei: 0742 344231 
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The Cardio-Protectors 


k 


TENORMIN FOR MODERATE HYPERTENSION . 


^ Р: 
ENORMIN LS FOR MILD AND OLDER HYPERTENSIVES f 
. 
p LI e 
P ciiin » 
"Tenormin' and "Tenojtnin' LS Prescribing Notes + 
PRESENTATION: *lenormix tablets contairting atenolol I00mg are round SIDE EFFECTS: Coldness of extremities, bradycardia and muscular fag 
bi-convex,geahg@and film cos id. Tenormin’ LS tablets containing atenolol may occur. 516% disturbance rarely seen. Rashes and dry eyes have be ч 
50mg аге royad bi convéx, orange and film coated reported with beta-blockers - consider discontinuance if they occur 4 
USES: Management of Hypertensgo Га PACK SIZE AND BASIC NHS COST: ‘Tenormin 255 $648; "Tenormi 7 
DOSAGR; ‘Tenormin’ 10mg orally once a day and “Tenormin LS orally once SS S485 
а day spme patients mat respogs fdcquately to “Tenormin low strength PRODUCT LICENCE UMBER: “Tenormin 29:122; Tenormin’ Lets 29 Ta 
CONTRA+INDIQATIONS: Heart Block 
PRECAUTIONS: Untreated cargliac failure, bradycardia, renal failure Tenormin, ‘Tenormin’ LS are trademarks 
anaesthesia, pregnancy. Caution in patients with chronic obstructive airways k s T : Р aid 
disease or asthma. "Tenormift modifies the tachycardia of hypoglycaemia Full prescribing information isavatiabk on request to the Coi 1 
Co-administration of verapamil or Class Lantidysrhythmic agents Withdrawal Stuart I harmaceuticals Limited, 
z Stuart House, 50 Alderley Road, Wilmslow, Cheshire 


of clonidine, Withdrawal of peta-blocking drugs should be gradual in patients ART ^ 


